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PREFACE 








The inining engineer, whether primirily interested in coal or in 
metal mining, is deeply concerned with the sdence of geology, the 
study of the earth and the rocks comprising it 

All mines and coUiertes are wasting assets vnth limited reserves 
and ultimately these become exhausted, lo the British coal mining 
industry capacity is being exhausted at (he rate of four to five 
million tons per annum, so that in addition lo the Increase in 
annual output projected in Investi/tg in Coal which in April, 1956, 
revised and brought up to date the PUm far Coal of the National 
Coal Board put forward in 1950, this loss of capad^ has also to be 
made good. This has entailed a very extensive programme of pros¬ 
pecting and boring to prove new fiel^ tn (he concealed areas which is 
only now being somewhat reduced The reconstruction and new 
sinkings projected, hoover, have underlined how much the period 
of completion of these projects depends upon the speed of sinking and 
drifting achieved, and the heavy costa in increased interest on capital 
and deferred output whtd) any reduction in progress of these opera¬ 
tions entails. Great efforts are, therefore, being made to mechanize 
successfully and to the utmost extent those operations and teehnu^ues 
adopted abroad, particulariy in South Africa, which are being tried 
out in the more diOtcule conditions of weaker rocks and more 
stringent regulations applying in this country. 

This book deals, therefore, with the science of geology with 
particular reference to mining operations, with prospecting for 
minerals, including geophysical methods, with boring for minerals 
and with means of gaining access to minerals by driftir^ and sinking. 

It U intended for studeou of mining in the universities and tech¬ 
nical colleges taking degrees. Ordinary and Higher National Certifi¬ 
cates and Diplomas in Mining and the examinations of the Mining 
Qualifications Board and for the Associate Membership of the 
Institution of Mining Engineers. 

In addition it is hoped the book will be found useful to others 
interested in minings Iwwever mdirectiy. 

Several of the iUnstrations in the fii^ part of the book are from 
Coai and the Coa^elda in Wales and Limestones, by Dr. F. J. North, 
D.Sc., F.G.S., by permission of the latter and the National Museum 
of Wales, to both of whom and to Professor J. G. C. Anderson, for 
the use of a number of photographs, grateful thanks are due. 
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CHAPTER I 


INTRODUCTORY 

GsOLOCr has been delined as the Science of (he Earth. As &]) the 
operations with which the mining engineer 1$ concerned are intimately 
connected with at least the solid pan of it, some knowledge of this 
science is imperative; as for the particular rocks with which the coal¬ 
miner is concerned, the acquaintance should be a fairly close one. 
A little knowledge should not, however, be allowed to become a 
dangerous thing and when confronted with a very intricate geological 
problem, where a mistake would involve the loss of thousand of 
pounds, it is wise to have conclusions **vetted*' by an expert. To the 
coal-mining engineer the Carboniferous system is of the greatest 
importance but, in the concealed coalfields, shafts will have to pass 
through newer rocks, so that these are also of interest particularly as 
the capital cost of equipping a new colliery wUI be greatly aflected by 
the newer rocks these slufts have to penetrate. TIu probable course 
of faults and other troubles which affect coal seams must also receive 
attention. 

The earth is an oblate spheroid with a gaseous envelope or atmos¬ 
phere composed of a mechanical mixture of gases which the 
important are nitrogen 77*91 per cent; oxygen per cent, water- 
vapour, 1*40 per cent, and carbon dioxide 0*03 per cent. The nitro¬ 
gen content includes small proportions of several inert gases, helium, 
argon, neon, and traces of nitric oxide and anunonia. The water- 
vapour content of the atmosphere depends particularly on the 
temperature. Water vapour is continuously evaporated from oceans, 
streams and rivers, to be condensed and to fall as rain or snow, in 
which form it becomes a geological agent of denudation. The 
atmosphere, in the form of wind, is also a potent agent of denuda¬ 
tion, particularly in desert countries where wind sand-blasting and 
etching may be practically the sole agent of deaudatioo. In addition 
to winds as such, there is an imperceptible movement of warm air 
rising and cold air descending and, near the coast, the diurnal land 
and sea breezes. The drift of cold air from the poles through the 
rising of heated air in the tropics is acted upon by the rotadon of the 
earth giving a resultant dir^tion from the N.E. in the northern 
hemisphere. The direction of these prevailing winds, or so-called 
'*trade" winds is, however, complicate by the irregular distribution 
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of sea and land. High altitude recordings indicate that in the upper 
atmosphere at a hei^t of six to twen^-fivc miles a zone of constant 
minimum temperature at ^100®F exists. 

The Hydrosphere, or that portion of the earth’s surface which U 
covered with water or ice, amounts to 72 per cent of the surface of 
the globe. Around the continents is a submerged shelf where the 
sea floor slopes gradually down to a depth of 100 fathoms and then 
descends suddenly to much greater depths. It is usual to include the 
continental shelves, at present temporarily submerged, as part of 
the continents and the ratio of oceons to land then becomes 2 to I. 
As the land areas are characterized by a diversity of plains, valleys, 
plateaux and mounUin chains, so the floor of the oceans are similarly 
uneven with the deepest portions in long, narrow strips not fur 
removed from the continental shelves. The deepest soundings are 
approximately the same as the height of the highest peak, Everest. 
29.000 ft. but the average ocean depth is about 2.SOO fathoms, while 
the average height of the land above sea-level is 2.000 A. 

Disregarding for the present '‘combined’* water occurring as 
water cf crystallization and water absorbed, two types of “Aee” 
water are to be distinguished—fresh water and sait water. The 
difference Is one of degree only, and from a geological point of view 
is important in that the inhabiunu of the two types differ and give 
an index of the conditions associated with the deposition of (he 
sediments in which their skeletons are buried on death. Thus, the 
distinction betv^en fresh*water and marine fossils is of importance 
in correlating deposits in the coal measures as in other formations. 

All waters contain some salts in solution and in seawater the 
amount is not constant but depends upon local conditions, being 
higher in enclosed areas in the tropics where temperature and 
evaporation rate it high. The average solids’ content is 54 parts per 
1.000 parts of water and consists of sodium chloride 7S per cent, 
magnesium chloride M per cent, magnesium sulphate 4*7 per cent, 
calcium sulphate 3*6 per cent, potassium sulphate 2 5 per cent and 
magnesium bromide and calcium carbonate together 0*5 per cent. 
Oases are also dissolved and those of importance are oxygen and 
carbon dioxide, necessary for the existence of marine animals and 
plants. 

The movements of oceans are of course influenced by the attrac¬ 
tion of the sun and moon which give rise to (ides. Wind also causes 
movement of the surface of the water In the form of waves, while 
differeoces of temperature give rise to well-established currents such 
as the Gulf Stream. Motion in the deeps of the oceans is probably 
small. The solid portion of the Earth is known as the lithosphere. 
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Its ouuide ctust and those intrusiODS such a^ dykes, sills and the out- 
pouriags of volcanoes provide evidence of what is below. This is, 
however, the subject of much speculative reasoning based particu¬ 
larly on the work of SMSmologists. A solid body, subjected to a 
sudden shock or stress either of compression or distortion, has 
vibrations $et up within it which produce waves and in a solid these 
waves are of both compression and distortion. In compression, the 
molecules move backwards and forwards in the direction of trans¬ 
mission and the waves are known as longitudinal. Waves of distor¬ 
tion cause the molecules to vibrate at ri^t angles to the direction of 
transmission. Modern seismographs can differentiate between these 
different wave forms and also delect a third tyj>e which travels 
through the superficial layers of the earth, round its periphery, and 
has 1 longer period of vibration than the others. The three distinct 
types have different speeds of travel and so arrive at a recording 
station at different times, the longitudinal waves with highest speed 
arrive first and give the '^preliminary tremors’* of an earthquake 
which precede the main shock, compounded of transverse and peri¬ 
pheral waves. The longitudinal and transverse waves travel through 
the earth but their paths are not straight lines, but, like light rays 
passing through a lens or from air into water, are refracted or bent 
when passing through materials of different densities. Further, 
liquids, while transmitting compression or longitudinal waves, cannot 
transmit the transverse or distortion waves. By analysis of earth¬ 
quake tremors along these lines, the following theories of the condi¬ 
tion of the Earth have been evolved. The outer crust partly accessible 
to man at surface and in mine workings, consists relatively light 
sedimentary rocks. These are of varying thickness and may be 
entirely absent, tvera^ng 5,000 ft. but in some regions reaching 
60,000 ft in thickness. The next layer or shell is of crystalline 
siliceous C’acid*’) granitic rocks with a low densi^ between 2'7 and 
2*8, some ten miles and perhaps as much as twen^-flve miles in 
thickness. Below this is a shell of intermediate basaltic C‘baslc**) 
type between twenty-five and thirty miles thick, followed by a thick 
shell of much higher density, 3*3 to 3*4, consisting of silicates of 
ferro-Toagnesium of the olivine type. This layer would appear to 
extend about half-way to the centre of the earth, with changes in 
density at 750 and 1,300 miles between which, it has been suggested, 
sulphides and oxides of metals predominate with a density averaging 
4 3. The central core of the earth, 4,000 miles in diameter, does not 
traosmit transverse waves and has a density of 12. It is therefore 
piaured as liquid iron or nickel-iron (as are some meteorites) kept 
liquid by the weight of the material above. The average density of 
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the eArth is therefore in the region of 5; after it had become de¬ 
tached from the sun it condensed to two immiscible liquids, the 
lighter forming an outside layer which cooled first and solidified 
round a dense metal core still molten. It would appear, however, 
that throughout geologica] time, as recorded by surface rocks and 
their fossiU, the average surface temperature has remained fairly 
constant although at any point fluctuations have occurred. Some 
(and how much is not yd known) of the internal heat of the earth 
is due to the breaking down of uranium and other radio-active 
elements into other elements. This transmutation of elements and 
measurement of the resulting helium content of (he rocks, Is used by 
geo)>hysici$ts to estimate the age of the rocks of the dilTerenl geo¬ 
logical systems referred to later, In any case, the loss of internal heat 
from the centre of the earth at the surface gives an increase in strata 
temperature as mines are driven deeper into the earth. This rate of 
increase of temperature with depth is known as the Geothermic 
Gradient. In the British Isles it averages l^F for every 63*5 ft 
increase in depth. This gradient is fairly high compared with other 
localities, but the gradient is inconsistent and may vary quite widely 
within a few miles. On the Witwalcrsrand, it is only I^F for 254 ft 
increase of depth and enables mining to take place without artificial 
cooJing down to a depth of 8,000 ft and with trtiflcial cooling to the 
region of 14,000 ft and perhaps deeper, whereas the limits of mining 
as at present known are about half these depths in these islands. In 
Canada and the U.5.A.. the average gradient is in the region of 1*F 
in 100 A but local steeper gradients occur in volcanic regions, near 
hot-springs and perhaps where the radio-active mineral content of 
the rocks is abnormally high. Oil-fields in California and India are 
delivering crude oil to the surface at temperatures nearly at the 
boiling-point of water. It has been deduced that the temperature 
of the intermediate layer of the stony crust is constant at about 
65(fC. 


COMPOSITION OF CRUSTAL ROCKS 
Silica predominates in the composition of the rocks to which man 
has access. Tables I and II, which are summations of analyses of 
rocks from all over the world, show silica, free or combined as 
silicates, to account for 59 per cent of the total, The three elements, 
oxygen, silicon and aluminium together account for 83 per cent, 
Table I; and from Table II, in whi^ the constituents are given, not 
as elements, but in the form usual in rock analyses, carbon os the 
element and combined as COg, together, is seen to amount to only 
0«04 per cent. 
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The remaining elements, of which there are over ninety, together 
aggregate leas than I per cent of the total. The composition of the 
rocks is not of course constant. Local concentrations of one or 
more elements occur, notably in veins, seams and masses, and 
render the extraction of the particular element economically possible, 
the concentration necessary for profitable exploitation of the deposit 
depending upon the market price of the element, and the cost of 
working and reducing it 






CHAPTER II 


BCILOING or CONTINENTS 

Sedimestary rocks were originally laid down in horizontal sheets or 
more correctly, lenticles, but only exceptionally are they now found 
horizontal. They are generally inclined or tilted and are folded, 
dislocated, or "faulted.” and otherwise disturbed from their original 
flat position. This evidence of past movement, coupled with the 
ubiquitous evidence of earthquakes and readjustment of crustal 
rocks, demonstrates that the earth's crust is and always has been 
in a stale of unstable equilibrium even though the cause and method 
of this readjustment is still uncertain. It is clear, however, that crust 
adjustment occurs in two phases, sudden and gradual. 

Earthquakes are treitiors and disturbances which are obvious 
without mstrumentil aids, in contradistinction to the slight tremors 
continually occurring and being recorded at seismological stations. 
They are of two type^ 

1. Those which herald volcanic action which may or may not 
result in an eruption of steam, pumice or lava at the surface. 

2. Those unaccompanied by volcanicity and known as dislocation 
earthquakes. These are due to sudden slipping of rocks in the region 
of Aiults and thrust planes and ofUn recur in the same localities, os 
in the vicinity of the Craven Fault in Lancashire and Yorkshire. 
The shock is communicated to neighbouring rocks but the actual 
movement may be only a small fraction of an inch. 

Disturbing though these phenomena may be, they are only very 
minor incidents in a much wider movement which may extend over 
millions of years. 

The division of the surface of the earth into oceans and continents, 
as at present known, is only one chapter cf a much longer and more 
complicated story. It has already been remarked that round the 
coatineata proper is an area in which the depth of the sea does not 
exceed 100 fathoms. In the same way great areas of land on the 
edges of the continents, with marine fossils in the sedimentary rocks 
composing them, have been submerged at recurring periods in the 
past. There is, therefore, an area of land and shallow sea fringing a 
continent which alteruates between submergence and dry land, the 
latter composed of strata laid down in comparatively shallow depths. 
Such an area is known as a shelf area. The true continental areas and 
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ocean deeps are not, however, loterchangeable unless certain specula¬ 
tions such as the “continental drift” theory and the implications of 
the theory of “isostacy” are established. The true continental areas 
arc composed of areas of very ancient rocks, known as Pre-Cambrian, 
and these have, throughout the geological eras, remained as units. 
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have never been submerged and therefore exhibit no marina strata. 
These areas are known as “shields" ; examples are the Baltic Shield 
which includes Finland and Scandinavia, the Canadian in the 
neighbourhood of Hudson Bay, India and the lower half of Africa 
and Brazil. 

Similarly, the ocean deeps are assumed to be permanent. Western 
Europe including the British Isles (Fig. 1), is a typical shelf area 
which has been repeatedly submerged as also is the Malay Archipelago 
representing the convene of an area now more sea than land. 

Earth movements on a large scale have been divided into two 
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clssse$» continent building or so-called epeirogenenc and mouniAin* 
building called orogenic. The difference between the (wo is one of 
scale and of direction of the force producing motion. In the former, 
the force is vertical and the movement up or down; in the latter, the 
movement is at a low angle, nearly horizontal, and produces before 
it an intense folding or puckering. With regard to epelrogenerlc 
movements, it has hitn established by gravimetric methods, such as 
pendulum observations, that mountain masses bordering continents 
are composed of lighter rocks while ocean depths are composed of 
much denser rocks. In the theory of isostacy this is explained by 
comparing the ocean deeps and the mountain chains to two limbs 
of a U-tuM hUed with liquids of different specific gravities, so that the 
level of the lighter li(juid in its limb stands at a hitter level than that 
in the other limb with the denser liquid. Thus in this theory the 
continents are pictured as floating on a very viscous denser layer, 
Keduedon of a continent by denudation would lead to increase in 
elevation and the retreat of the sea, of which there is evidence in 
river rejuvenation. Conversely, the added weight of an icecap 
during an ice*age would lead to incursion of the tea with drowned 
valleys and deposition of marine sediments on what was formerly 
dry land. Until the exposition of Continental Drift Theory, still in 
the region of speculation but with influential backing, It had beer; 
assutned that the continental "shield" areas, despite fluctuations of 
level relative to sea-level, had remained substantially in their present 
relative positions throughout geological time; but various matters, 
particularly the distribution or certain animals and plants and evi¬ 
dence of past ice caps in the present tropics and tropical plants in the 
Arctic, are diflicult to explain if this assumption and that (he equator 
and the poles have remained in their present positions relative to the 
continents are correct. The theory that continents have drifted was 
put forward and supported in pabular by Wegener, who stressed 
the fact that (he shapes of the continents can be fitted to each other, 
particularly South Africa and South America. To turn now to the 
orogenic movements. 

At the edge of the shelf area, the products of erosion of the con¬ 
tinent from weathering and the other agents of denudation, trans¬ 
ported by streams and rivers, are deposited in the seas in the shallow 
shelf ana, and in order to accommodate the sediment without 
causing silting up, the sea bed must sink progressively. Should this 
sinking and rate of sedimentation get our of step, local breaks in tbe 
succession of the sediments will occur from silting up and deposition 
of sediment will take place elsewhere until further settlement occurs. 
According to the theory of isostacy settlement will occur through the 
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extra weight of the detritus piling up on the sea bed. In thU manner, 
it has been possible for as much as 40 to 50 thousand feet of relatively 
shallow water sediments to be deposited as a practically continuous 
sequence. This nine miles of sediment appears to be al^ut the limit 
that can be attained and approaches the depth of the siliceous 
granitic top layer of the earth’s crust. Some readjustment and ac¬ 
cumulation of stress in (he crust itself must accompany such accom¬ 
modation. Fig. 2 shows diagrammatically such an area of sediment 
deposition which is known as a geosyncline since the arrangement of 
the sediments in it must be as in a dish, shallow basin or syncline. 



These geosyncUnes are extremely important as the future sites of 
mountain chains. They constitute narrow trough-like areas of weak¬ 
ness in the crust. Accumulation may continue tranquiUy for perhaps 
100 million year^ then, as the limit is reached and accumulation of 
stress becomes excessive, readjustment and relief of stress occurs 
with folding and faulting of the type known as “tArusfs," at a low 
angle, and the production of enormous overfolds called "/roj/pfs,'’ 
with the core horizontal. The Alps, Carpathians and the Himalayas 
have all been formed iu this way in what were formerly geosyn- 
clinical areas, and huge masses of rock have been driven horizootally 
20 miles and more. The Himalayas, for example, were formed 
comparatively recently and are partly composed of Eocene marine 
limestones up to 16,000 it iu thickness. 

Such mountain chains always consist of long, narrow chains 
and never square or circular blocks. Again the shallow-water 
sediments of great thickness in the mountain chains are represented 
by rocks of same ages in adjoining areas which are, however, 
thinner and of diifereot composition. It is interesting to note that on 
a very minor scale the production of ‘*bumps” and “rockbursts’* 
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With sudden heavii^ of the floor tn coal and metal mines would 
appear to be the result of similar sudden liberation of accumulated 
stress through the gradual withdrawal of support by the working 
away of minerals during exploitation. It would appear that oro- 
genetic epochs occur, that is that mountain building is localised in 
time as well as situation. In some regions it has never, or only very 
rarely, occurred in post Pre-Cambrian times, while in others it is 
restricted to certain periods with long quiescent intervals during 
which accumulation of detritus and stress occurs to the limit. Suc¬ 
cessive fold'belts arise alongside previous ones, and in Europe the 
structure would appear to be the successive addition of strongly 
folded bells, each to the south of its predecessor, to the Asiatic 
shield. The same thing has occurred again and again in Britain, and 
the prindple of ''posthumous folding" is also well Illustrated in 
these islands. If a sheet of paper is crumpled and straightened out 
again, then crunmled a second time, ft will tend to crumple again 
along the same folds. This has occurred when Tertiary folds fol¬ 
lowed the axes of the earlier Armorlcan folds or Permo-Carboniferous 
folds. 

The reason for the weakness of crust associated with geosyncUnes * 
can only be suitnised. The pressure of the great thickness of sedi¬ 
ment probably causes Hque^ion and flow of material from beneath 
the pile, perhaps even of the basaltic layer of the crust. Igneous 
acdviiy of various kinds commonly accompanies the final stages of 
mountain-building resulting in lava flows, followed by Intrusions of 
molten Igneous material into the cores of asticliaes. These may be 
intrusions from below, or be produced by the fusion and recrystal- 
lizadon in sUu of the rocks through the terrifle pressures to which 
they ate subjected- The substitution of partially compacted sedi¬ 
ments to a depth of nine miles in place of granitic, basaltic or 
thoroughly compacted sedimentary rocks would certainly result, 
subsequently, in a weakening of the crust in such an area of deposi¬ 
tion. These areas have somehow become squeezed between approach¬ 
ing strong blocks of crust and been compelled to bulge up with 
tremendous crumpling, compression and tension in the folds, 
resulting in fan and more complicated types. Obviously, the crumpl¬ 
ing of a geosyncline, consisting origii^y of horizontal or very 
gently dipping strata, by tangential pressure into a fan structure, a, 
or an antichnorium or series of folds, b (Fig. 3), or a nappe of 
recumbent folds must be accompanied by the shortening of the 
distance between the edges of the geosyncline. Various estimates of 
this shortening have been made wi& very divergent results. Neglect¬ 
ing the effects of radio-active element degradation, cooling of the 
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earth’s interior through loss of heat must produce crumpling of the 
crust to accommodate the solid crust to the shrinking interior. It 
has been estimated by geophysical research that this shrink^;e, 
assuming it to occur period u^ly, should amount to between 50 and 
100 miles in each of six major readjustments necessary in the 1,500 
miliion yean estimated to have elapsed since Pce^Cambrian times. 
Of these six postdicted epochs geological evidence has been assembled 
for four in the British Isles, but the remaining two may be too remote 
to have left traces sulhciently definite for certainty. The geologist, 
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however, would put the accommodation by shortening required at 
a higher figure of 100 to 200 miles. 

To recapitulate, at present geological theory divides the earth’s 
crust into separate entities comprising the ocean basins, the con¬ 
tinental shields or blocks, the shelf areas and the geosynclines. The 
latter are not permanent and may be converted by thrusting into 
intensely folded long, narrow mountain chains which then form the 
border of the continental block on to which they are tacked. 

THE DIFFERENT TYPES OF ROCKS 
A rock has been defined as atf a^regate of mineral particles. Hard¬ 
ness and cohesion are inunaterial so that a sand and a very hard 
igneous rock alike come within the definition. Rocks cover a very 
large range of materials, nearly all inanimate and noD*manufactured 
materials are rocks and the fossilized reromns of animate things are 
also included in the term, notably coal, petroleum and corals. 

All the elements are of course encountered In rocks either by 
themselves, “native,” or as compounds with other elements; but 
the rocks themselves are generally composed of a limited range of 
minerals. These occur rither in the form into which they have 
ciystallized in igneous rocks, or they may have been recrystallized 
in altered or metamorphlc rocks. In bedded or sedimentary rocks, 
tb^ are mainly derived from the denuded fragments of igneous rocks 
or older sedimentary rocks, and In pyrocf^dc rocks, which are 
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bedded like sedimentary rocks, they are derived from volcanic ashes 
and tuFs. 

Sedimentary Recks 

The sedimentary rocks are generally subdivided into three types— 

1. Oastic> that b derived from broken fragments of other rocks. 
These are further subdivided into arenaceous, composed of sandy 
or pebbly particles (the latter are sometimes subdivided as 
*‘rudaceous'’), and '^argillaceous," composed of very small particles 
like clays and muds. 

2. Organically formed like some limestones, ironstones, flints, 
coals and petroleum. 

3. Chemically formed including other limestones, ironstone, 
gypsum and rock salt. 

The common rock-forming minerals are shown below. 


Miner iJ 

Cbemieil ComposliioM 

QlMMS .... 

SIOi 

(i) OrthodiM (idd^ 

(S) LebrMo^ici (UMJ 

KfO, Al,0,.6SiG, 

Ni,0. CtO. 2A\tO». SSiO, 

U) Muceevite 
(S) filouw 

K,0. 9AI|0|, eS(0|, 2K,0 
{HKH (MgPe)^AI, FoiKSlOA 

AntpkIMtt 

Horeblende . 

C«0, SMfFoO, 4810, with 

Nt,0, ALO.. 45iOi ibd 
2(MsF«^0. SIA1P«,)C>,. 2SiO, 

AuciM .... 

Ollvin* .... 

.... 

Fluor 8por 

CtIcKo .... 
MoinMit* 

Pyril* .... 
Borytoe.... 

CihfgISiOJ, with (MtPeKAlFe), 
SitX 

VMthiO, SlO, 

6C^P,0,C«F|. CtO, 

ctcb, 

Po,0. 

FoS, 

BiSOi 


Some of these are group names of a number of closely related 
minerals, and one or more examples in each group is given. Most 
of them are not pure compounds, but are mi^ crystals composed 
of two or more isomorphous substances, that is with the ability to 
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crystaUize m the same form and replace one another in a compound 
crystal. 

Igneous Rocks 

These are rocks which have crystallized or solidified from a molten 
magma. They are lately silicates of various metals and are classed 
in accordance with their silica content, from 80 per cent in an '^acid" 
rock, such as granite, to 30 per cent in a so-called *'basic’* rock like 
basalt. In the acid rocks any free silica ciystolHzes out as quartz and 
other common constituents of such rocks are orthoclase felspar and 
mica. They are generally light coloured and have a relatively low 
specific gravity of 2*7 to 2*8. In the basic rocks there is a deficiency of 
silica; and unsaturated felspar-like minerals, called feUpathoids, 
occur together with olivine and basic plagioclase felspar, and in 
iron-rich magmas, magnetite and ilroenice. They are heavy, with a 
speeilie gravity over tlm and are dark in colour. Midway between 
these are the intermediate rocks with felspars and alkalis. There are 
a large number of igneous rocks but It should be realized that many 
of them are so closely related as to be, for practical purposes, 
indistinguishable and in fbet 90 per cent of these rocks are either 
granite or basalt. 

Being miKtures of minerals the fbsion temperatures and order of 
crystallizing out of the constituents depends on the different eutectic 
mixtures which may be formed and the conditions under which 
cooling takes place. The presence of steam and occluded gases also 
reduces the freezing temperature of the mutually-soluble mixture of 
silicates. Excess of one constituent will cause that excess to separate 
out in large crystals, the final eutectic freezing out in a matte of 
small crystals. The order of crystallizing out is that of decreasing 
basicity, with non-silica minerals first, then ferro-megnesian silicates 
and quartz last. The hnal form of the crystals depends on the rate of 
cooling and this also determines the division of igneous rocks into— 

1. Plutonic or abyssal 

2. Hypabyssal. 

3. Volcanic. 

The first two are sometimes called intrusive and the third 
extrusive. 

The plutonic rooks are those which have solidified as large, 
deep-seated masses and have, therefore, cooled slowly owing to the 
blanketing effect of the rocks round them which have a low thermal 
conductivity and to the presence in the molten magma of entrapped 
steam and vapours which further reduce the freezing point of the 
magma. Common examples are given on the following page. 
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Add plutonic rocks—granite. 

IniemediatC'Syenite and diorite. 

Basic-gabbro. 

The hypabyssal rocks have been cooled more quickly as they have 
been injected into rocks as laccoliths (Fig. 4)» or along the bedding 
planes of rocks as sills (Figs. 5 and 6a). However, they often cross 
or "transgress” the beds, as does the Great Whin siJl in the north of 
England, which is intrusive into the Lower Carboniferous over an 
area of 1,600 square miles and extends into hve counties, achieving 
a maximum thickness of 150 ft. It is obvious that to penetrate over 



such a distance a sheet of such relative thinness must have been 
extremely labile. 

Where the intrusion crosses the bedding planes of the rocks into 
which it is intruded approximately at right angles, it is known as a 
"dyke” (Figs. 56 and 6a). Both sills and dykes alTect the strata and 
(heir elTect is known as "contact metamorphism” in contra-distinc¬ 
tion to the effect of volcanic recks extruded as lava sheets which 
affect only the surface below them. The necks of volcanoes also 
choke with lava which cools slowly and results in a hypabassal 
rock. Typical hypabyssal rocks are—acid-quartz felsite; inters 
mediate-porphory and porphorite; basic-dolerite. The crystals are 
much smaller than those of plutonic rocks. Rocks extrud^, that is 
erupted, and spreading as sheets of lava at the surface, cool quickly 
and form natural glasses with perhaps very small crysUls embedded 
ihereln. They often exhibit flow structure. Large crystals from 
magma partly solidifled may be enjpied and Included in the glass and 
give what is known as a porphoritic structure. Typical lavas are— 
acid—obsidian and rhyolite; intermediate—trachyte and andesite; 
basio^basalt. It should ^ realized that the gradation from 
coarsely-grained plutonic rock to glassy lava is imperceptible and 
there is no hard-and-fast division between the three types of igneous 
rocks, the division being purely arbitrary. From igneous magmas 
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gases such as fluorine, boron and sulphur fumes are emitted together 
with steam. These act upon surrounding rocks causing alteration 
of constitution and the formation, among other products, of ore 
deposits. The process is known as pneumatol^^sis and its effects are 
of great importance to the metal-mining industries. It is probable 
also that some of the* surrounding or ‘‘country" rock Is raised to 
fusion temperature and so adds to the bulk of the magma. This 
seems likely to occur in the centre of an overfold during orogeneiic 
thrusts. 

Metamerphic Rocks 

These may be either igneous or sedimentary rocks which have 
been altered by the effects of heat (thermal) or pressure (dynamic) or 
a combination of the two. The effect may be local, by contact with 
plutonic masses, or regional as a result of intense folding, as In the 
north of Scotland and In the “shield" areas of Canada and the Baltic. 
The local effects are often the result of ascending gases and steam 
(pneumatolysis). Mctamorphic rocks produced by pressure may be 
either coarsely crystalline, when they are known as schists, or finely 
crystalline, when they are called gneisses. They often show a banded 
appearance and cleavage through movement underpressure and are 
then said to be “foliated." Those produced by thermal metamorphism 
are compact, ^anular and characterized by a speckled appearance. 
Quartzite from sandstones and marble from limestones are produced 
by thermal metamorphism, while slates ate strictly shales, with an 
induced cleavage, often at a high angle to the original lamination or 
division planes between each individual thin layer, which have their 
origin in the same cause. Th^ are often “puckered" or serrated and 
ridged. 

QUESTIONS 

1. Giw some account of the theories nspeeilng the ccmposiiioo of the earth 
betweto the outer clTCumWence and tha cantre. 

2. Give some account of the phenomena associated with sarth rrtovcnwnu. 

3. Gin an account of the priMples of the classification of the igneous rocics 
and how tbeae are appljsd to the commooer igneous rocks. 

4. What Is a geosyncUM and what Is its importance in the rormaticn of 
mountain chaip* f 

5. What do you understand by the term orogenesis? 

6. What do you understand by the tens posthumous folding? 

7. Wbai is uodentood by the term “meiamorpbism’'? 



CHAPTER m 


THE AGENTS OF DENUDATION 

The breakdown of rocks, both igneous and sedimenlary, continues 
unremittingly and this process of disint^ration and dec&y ia known 
as denudation. The main agents are weathering, gravity, frost, 
solution by water, erosion by rivers, snow and ice, marine erosion 
and wind erosion. Climate has much to do with the relative impor* 
tance of these various agents in any particular region and this in 
turn is, to a large extent, governed by latitude. 

WEATHERING 

The minerals of the plutonic rocks have been formed at great depths 
under pressures of many tons to the square inch and crystallized 
out over a range of temperature between 400^ and 1,400^0 and are 
only in equilibrium under these conditions. On exposure at surface 
through erosion of the strata previously above them, although harder 
than most sedimeniaiy rocks, they are readily broken up. Disint^a- 
tion occurs by the action of water, the atmosphere and alternations 
of temperature, this combination of chemical and mechanical 
denuding activity being known as the process of weathering. 

As rain falls through the atmosphere It absorbs carbon dioxide 
and $0 becomes a dilnte acid. On the surface of the earth it may also 
pick up a further supply of adds from decomposing vegetation and 
the oxidation of sulphides. Of the minerals composing the igneous 
rocks, quartz and muscovite mica, characteristic of the add rocks, 
are little affected, but the felspars are readily attac k ed and break 
down to hydrated compounds ot alumina and silica forming a group 
of very complex “day minerals” which in a pure form pr^uce 
kaolin or china clay. In the same condidons pyrites is oxidized and 
hydrated to final products consisting of hydrated ferric oxide and 
sulphuric add. This breakdown of igneous rocks is, of course, the 
source not only of all sedimentary rocks, but also directly and 
indirectly, through the subsequent breakdown of these sedimentary 
rocks, of soils without which vegetation and animal life on this placet 
could not exist. 

The sedimentary rocks are also subject to chemical weathering. 
A few of them, such as dolomite, gypsum and rock salt, arc soluble 
in water but the presence of dissolved adds greatly increases this 
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solvent action. 'Hius the limestones are readily attacked and coq- 
verted to the more soluble bi-carbonate of caldum. 

The sandstones are readily disintegrated by the weathering and 
solution of the cement between the grains of quartz, mica and other 
resistant minerals. This cement may be calcium carbonate, iron 
oxides or silica. 

The two former are easily attacked by dilute acids and. coupled 
with the mechanical weakness of the cements, contribute to the ease 
of disintegration of these types of sandstones. The colour of sand¬ 
stones is generally deiermlned by the nature and chemical condition 
of the cement particularly when this is iron oxide. Sandstones with 
a cement of silica are harder and more resistant to attack. 

The mechanical weathering effect, either daily or seosonal. is due 
to concentration of stress arising from di^erenlial expansion or 
contraction produced by alternations of heat and cold. Not only 
may this affect individual crystals in rocks but, particularly if the 
climate is very dry and the diurnal temperature variation Urge, it 
may lead to the bursting of the rock fragments, thus forming scree 
material of characteristic angular shape, which collects at the foot 
of cliffs and steep slopes. The effect of gravity, ever present, in 
moving material from a higher to a lower level, plays, of course, 
its subsidiary role. The falling material acquires kinetic energy and 
in turn plays a part in breaking down older material upon which it 
falls. L^^lides and the slow creeping of soil downhill on slopes, 
although caused primarily by water, needs the assistance of gravity 
before the separation from the parent mass can take place. 

The wedging or riving action of frost and ice depends on the 
property of water in expanding some ten per cent in passing from the 
liquid to the solid state. This action, which results in the bursting 
of rock fragments, is most marked in the colder climates and at high 
altitodes. In addition, as is very important to agriculture in this 
country, frost loosens and breaks down surface soils which are left 
in an open, spongy condition when thawing takes place. This im¬ 
proves the fertility but at the same time renders the soil easily 
transportable by water. 

It is evident that solution by water, particularly when slightly 
acidulated, must play an important part in the disintegration of 
rocks. Thus, sandstones may be broken up by removal of the cement 
between resistant grains, and limestone is dissolved with the forma- 
tiOD of gaping fissures (grikes), swallow-holes and huge caverns like 
the Peak Cavern of Derbyshire. Man has also employed thb method 
for the mining of rock salt in Cheshire and numerous other chemical 
deposits. The ubiquitous effect of solution could be exemplified at 
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great length. It is as a transporting and corrading agent, however* 
that water is perhaps more important. In addition to solution 
subsequent deposition from solution may occur as in the case of 
Streams traversing wide fissures or emerging from caves or at the 
surface. As carbon dioxide is released from solution, calcium 
carbonate becomes less soluble and is deposited in the form of 
stalactites and stalagmites, or at the surface as deposits of tufa or 
travertine. 

TRANSPORT AND CORRASION BY STREAMS 
AND RIVERS 

The effects of weathering penetrate only a limited depth into the 
rocks and unless means were available to transport the weathered 
material away, this would accumulate and shield the rodcs below 
from attack. The commonest agent of transport in temperate regions 
is water. The efficiency of moving water as a transporting agent 
depends both upon its volume and its velocity, and the latter depends 
mainly on the gradient. It may be shown theoretically that the 
transporting capacity of water depends upon the sixth power of the 
velodty, although experimentally this is found to 1» somewhat 
less and depends also on the friction and shape of the channel. The 
size of the particles also determines the load, being greater with 
reduction of grain size. This effect of velocity on transporting power 
emphasizes the importance of floods in the movement of material. 
Boulders normally immovable are picked up and rolled along in 
times of flood. These boulders and larger particles are the main 
tools of the stream in the performance of its second function, that 
of corrading or wearing away its bed and breaking down material 
rolling along its bed by collision between fragments. Material in 
suspension has little effect in this work and a fully-loaded stream 
cannot pick up further material without dropping some already 
being carried, so that coirasion and deposition balance and no 
further down-cutting takes place. On the other hand a stream with 
QO load does little corrading. so that there is an optimum condition 
of load at which the maximum rate of corrasion occurs. 

Curve of River Erosion 

The outlet of a river, at sea-level, is a fixed point and so at a given 
time is the source. Between the two, erosion proceeds at various 
rates; at the mouth, it is soon complete; at the source the small 
volume allows less than average activity; in between the amount 
depends on the hardness of the rocks and their resistance to abrasive 
wearing. So the erosion curve of a river in its youthful phase is a 
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siQuous curve (Fig. 7), flattening towards the mouth. As the river 
a|c$, deposition, except in periods of flood, takes place in the hollows 
where the velocity slackens and erosion proceeds vigorously on the 
slopes where the velocity is higher until finally the resistant portions 
arc reduced and the gradient is flattened out to a logarithmic curve 
(Fig. 7), or base-line of river erosion. Simultaneously with the 
alteration in profile changes occur in the contour of the valley through 
which the river flows. At first down-cutting is energetic and the 
vallty takes the shape of a sharp-pointed V. But as the river ap¬ 
proaches grade, weathering and sub*aerial erosion, in its various 
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forms, occurs at a faster rate than that of down-cutting and wideoiDg 
of the valley takes place. 

Meanders 

Although vertical down-cutting may have finished, the river still 
possesses energy which is expended in side-cutting. Wherever the 
course departs from the straight line, through local inequalities 
of rock hardness, the current sweeps into the outer radius of the 
curve and this is accentuated by undercutting. The river may 
meander across its flood plain in this manner and a broad open 
V valley results with a flat valley floor. On the inside bends of 
meanders, where the velocity slackens, deposition of sediment, sands 
and gravels, proceeds and the curve is accentuated (Fig. 3). Finally 
only a narrow neck of land separates the loops and as the two points, 
a, u, are at different levels, a brAk-through occurs in some period 
of flood. An ox-bow lake may be formed and the meander thus cut 
off*. Sub-aerial erosion proceeds and as the river changes from 
maturity to old-age, the contour of the surface drained is worn down 
to a plain with local low elevations of the most resistant rocks, with 
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the river meandering across it. This is the end-product of river- 
erosion and is known as a “Peneplain.” 

Development of Drainage Systems 
When new land is uplifted through earth movement it generally 
ukes the form of an anticline (Fig. 9), or some related more compli- 
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cated form. Part of the rain falling on this arch will run off to the 
dip and the remainder, with the exception of that evaporated back 
into the atmosphere, will sink into the rocks and re-^pear at the 
spring-line, s (Hgs. 10 and 11). 

Conset|ueot Streams 

The axis of the anticline, aa, (Pig. 10) forms a watershed or divide 
and in the ideal, homogeneous rock succession which is postulated, 
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the sprii^ would arrange themselves at equal distances apart at the 
comers ^ equilateral triangles as shown in Pig. 10. This results in 
the development of two sets of streams, alternately on each side of 
the axis flowing into the sea (Fig. 10). These are ^own as *'conse¬ 
quent” streams because th^ origin is a consequence of the uplift. 

Denudation produces a semi-dicular depression round the head 
of each stream and in time these run into each other fonning passes 
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or cols (Fig. 12) between the vall^, with high ground slaoding as a 
peak at the head of each valley with a ridge running out to divide 
adjacent valleys. Thus the main watershed shown in Fig. 10 takes on 
the zig'Zag form shown in Fig. 12. Although such an ideal sym* 
metrical system is not realized in nature owing co local variation of 
conditions, the rivers of Northumberland, Durham and Yorkshire 

\ _ 
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hollows ID the softer bands running parallel to the axis of the 
antidine and at right angles (o the direction of flow of the consequent 
streams. Drainage from the ridges will collect in the hollows and 
produce streams, known as subse^eni streams, which will flow along 
the hollows (Fig. 14). As the general dip of the rocks is towards the 
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sea in the diiection shewn by the arrow, these subsequent valleys will 
be bounded on the seaward side by a steep slope called an iscarp- 
menu e (Fig. 14), and the opposite bank a more gently inclined 
dip-slope, d. These scarp-slopes may stand up a considerable height 
and down them may flow, in a direction opposite to the main 
consequent streams, short, fast-running tributaries to the subsequent 
streams, 


River Capture 

The development of a river system and the ultimate area drained 
by each is by competition among tributaries. The level down to 
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which each tributary can cut is controlled by the level ot the main 
stream at the point of confluence; the grading of the valleys of the 
tributaries must, therefore, wait upon and be subsequent to the 
grading of that of the main stream as this is effected back towards the 
source past the successive points of confluence. The rate of erosion 
of the different streams and tributaries will vary and be dependent 
upon ground contour, rainfall and consequent volume and type of 
rocks through which the valleys cut, so that some will cut deeper 
valleys and some will cut back more quickly at the bead. For 
these reasons the drainage areas impinge upon each other, and, 
as valley floors may be at different levels, the head waters of one 
stream may be captured by another stream. In Fig. 15 j. the subse¬ 
quent tributary .S of the consequent river A, is more active than the 
corresponding tributary Sj^, of river S and in consequence, the divide 
between them is driven back to the position W, thus enlarging the 
drainage area tapped by S at the expense of S^. The extra volume of 
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water acquired by 5 will further increase its activity relative to S^, and 
in time it may be able to cut through the watershed W, between them. 
If is at a lower level than the point of confluence, C of 5x, with B, 
the headwaters of B above C will be diverted down the valley of S 
into B. This diversion Is known as river capture and B is said to have 
been beheaded by the tributary S of A. The lower part of the valley 



of ^ is left dry or with only a small misjii stream B (Fig, 156), with 
a pass or wind'gap leading from its valley into that of A opposite a 
sharp bend in the river 

Such river capture may continue progressively as the actiwty of a 
particular river is increased with the augmenting of its drainage 
area and volume by capture. A notable example of such river 
development is the Ouse in Yorkshire (Fig- 16). The rivers Tyne. 
Wear, and Tees north of the Ouse and its tributaries, flow down dip 
slopes from the Pennine Oiai" as consequent rivers and have been 
comparatively unaltered in course, except for a measure of rejuvena¬ 
tion or subsequent minor uplifting since the major uplift which 
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produced the Peumnes. The tributaries of the Ouse to the south of 
them, however, have had a diflereot history. They were formerly 
also coosequeut streams, flowing eastwards to Che North Sea, wlueh 
have been successively beheaded by a tributary of the Aire, now known 
as the Ouse, which flowed along the soft belt of Trias in a southerly 
direction. This probably expl^ns the development of the present 
system. The tributaries of the Ouse are stUl cutting back into the 
watershed between it and the Tees which has now been reduced to a 
height of 150 ft. 

River Rejuvenation 

When a river, before it is graded, passes over a hard rock under¬ 
lain by softer strata, waterfalls result. A typical case is High Force, 
70 ft in height, at Middleton-in-Teesdalc where the Tees flows over 
the Whin Sill, which is much harder than the limestone and shales 
of the Lower Carboniferous. Above this foil is Cauldron Snout also 
produced by the river flowing over the Whin Sill. But rapids and 
waterfalls may also be the result of river rejuvenation produced by 
uplift of the land in the lower of the river’s course, after this has 
reached its base level of erosion. The uplift enables the river to 
recommence downcutting from the mouth upstream and rapids may 
be caused at the point where the new grade meets the upper portion 
still at the old ^^e. If the rate of undercutting keeps {Mce with the 
rate of uplift, the river meandering across its flood plain will com¬ 
mence downcutting and a deep meanderic^ valley will be produced 
across a relatively high plateau. These are known as incUed meanders 
and are certain evidence of uplifting. The Wear, between Sunder¬ 
land and Durham, provides in this way evidence of uplift of the 
KB. coast and the strategic position of Durham Castle and the 
Cathedral, enclosed by the bend in the river on three sides, depends 
on such an incUed meander. Where the uplifting takes place in a 
series of steps or stages, the river will form flood planes at diflerent 
levels and if the succeeding flood plains are progressively narrower, 
a series of river terraces of river deposits will be left, as in the case of 
the Thames. 

When rinking of a coastal region occurs, the lower portion of the 
river valley becomes drowned and the site for the deposit of river 
sediment and the vall^ forms an estuary. 

Antecedent and Superimposed Drainage 

Consequent drainage is evidently the result or consequMoe of 
uplifting and is produced by the form or sirucrure of the anticline 
over one limb of which the rivers flow. But such relation between 
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the drainage system and the underlying rock strueture is not invari¬ 
ably present and where this is the case the drainage system is called 
inconsequent. The two most important examples are the following. 
Antecedent drwnage results where uplU^ng occurs but the rivers are 
able to cut through the barrier raised in a portion of their courses and 
so keep their existing channels open and are not diverted. This is 
termed antecedent since the direction of flow was determined by 
conditions antecedent to the earth movements which now determine 
the configuration of the drainage area. 

Superimposed drainage occurs where the rocks, whose structure 
originally determined the direction of flow of the rivers, have been 
denuded away, so that the rivers now flow over rocks with a different 
structure into which they have cut valleys following the original 
directions. The river systems of the English Lake District and of 
South Wales are of this type. 

Lakes 

Lakes vary in size from the small tarn or mere to the inland sea, 
such as the Caspian. The modes of formation of lakes render them 
divisible into four classes—barrier lakes, rock basins, lakes pro¬ 
duced by earth movement and crater lakes. 

The first are by far the commonest and ail manner of circumstances 
may interfere with normal land drainage and lead to the production 
of a Jake—a landslip may block the valley of a stream, or a glacier or 
an ice-sheet may present an ice-wall to the normal course of a river 
and lead to the filling up of its valley in the form of a lake until it 
finds an outlet over a pass or col at a higher level and is thus diverted. 
This frec]uently happened during the Ice Ages in Britain, in particular 
to the rivers Esk and Derwent in Yorkshire, but the most fruitful 
source is deposition of moraine aod glacial drift. The English lakes, 
with one exception, are believed to be barrier lakes of this type, in 
part at least, thou^ as some descend below sea-level in the d^pest 
parts, it would appear that these portions belong to the second class 
and are rock-basins, filed out by glacial action and the detritus 
conveyed uphill, work which couid not be performed by river 
corrasion. During the artificial deepening of Thirlmere to form a 
reservoir for the city of Manchester, investigation proved that this 
was purely a rock basin. A number of lakes in Scotland have a 
similar origin, including the sea-lochs of Etive and Leven. Earth- 
movement, by cutting off a portion of a sea, has been responsible 
for the pr^^uetjon of some of the largest lakes. The inland Caspian 
sea has this origin. The craters of extinct or dormant volcanoes are 
often filled with water forming the so-called crater lakes. 
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Lakes, unless deep rock basins, do not appear to have long lives, 
geologically speaking. They become filled with detritus from the 
streams draining into them, and in tropical climates, evaporation 
may exceed drainage into them and drying up with the deposition 
of dissolved magnesium, sodium, potassium and calcium salts, then 
takes place. Many chemical deposits worked commercially have this 
ori^n. 

EROSION BY SNOW AND ICE 

Snow and ice are powerful geological agents both of corrasion and of 
transport. They are important in cold climates and at high eleva¬ 
tions, above the snow-line, in warmer climes. The height of the 
snow-line depends on the latitude, being at a height of about Id,000 ft 
in the tropics, 4,000 ft in Britain and at sea-level in the Arctic and 
Antarctic. 

Snow is mainly important as the raw material of glaciers, but it 
may have a direct erring effect when the snow comes into violent 
motion in the form of avalanches. These are produced when snow 
falls in winter on an inclined surface in a dry powdery form which 
does not cohere, the snow slipping off the inclined surface when a 
sufficient weight has been deposited, or when the snow melts in the 
spring during a thaw and becomes wet and heavy and again slips off 
inclined surfaces. 

The formation of peT 3 )etual snow-fields requires not only a latitude 
or an elevation at which the mean annual temperature is below 
freezing-point, but sufficiently humid winds so that the rate of deposi¬ 
tion of snow is greater than the amount removed by melting in the 
warmer season. The snow-line is therefore the level at which there is 
equilibrium between deposition and subsequent melting. Accumula¬ 
tion above the snow-line may be disposed of by the movement of 
glaciers. Whereas in dry but very cold regions, such as Siberia, 
precipitation in winter may be insufficient to overbalance summer 
melting, io Greenland the snowfall is heavy, accumulation takes place 
and the depth becomes sufficient to produce pressures which convert 
the lower layers to ice and forms what is termed a nivi. Rivers of 
ice flow from this in the manner of a viKid fluid. The speed of flow 
is relatively low, in the region of only a foot per day, and the ice base 
follows the contour of the ground and is therefore uneven, In 
addition, due to friction between the floor and sides, different layers 
in a glacier travel at different speeds. For these reasons crevasses 
or deep transverse or longitudinal cracks are formed (Fig. 17 a) which, 
owing to the greater spe^ of the middle of the glacier, take a course 
up-stream as shown in Fig. He. As frost riving and mechanical 
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weathering of the rocks on the sides of the glacier are taking place, 
angular rock fragments are transported along with little or no further 
comminution, on the surface of the glacier, there being a line of 
angular stones near each side which is called a lateral moraine. If two 
ice streams run together they continue to move side by side without 
intermingling and the two inner lateral moraines combine to form 
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a medial moraine. Although fragments which ride on (he surface of a 
glacier are substantially unalter^> many of them fall down crevasses 
and are frozen into the sole or bottom ice layer and in this position 
become a very powerful agent of corrasioQ, actii^ like a coarse file on 
the rocks over which Che glacier flows, scratching and striating them 
and grinding to rock flour both themselves and the parddes they 
dislodge. Such action has caused modification of pre'Cxistxag 
surface topography produced by water erosion during the Great 
Ice Ages, for there were a number of successive periods with warmer 
spells between, all over KW. Europe including Britain. The relative 
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rigidity of moving ice has led to the planing off of spurs and (he 
straightening of former river valleys, the floors of valleys have been 
gouged out from the V-shape of water erosion to the U of ice erosion, 
as shown in Fig. 18 with the tributaries left as hanging valleys 
ungraded to the main valley, and “dry channels*’ (Fig. I8 b)- 
At the “fini'line’’ or “bergsehrun," where the glacier leaves the 
parent snow'field, semi*circular depressions, known variously as 



Re. Ill, D&y Chamncl. NOkth op Cmao na LeAe*i»n/, 
Cackhqorm Mouktao^s 
U. O. C. A*4«fToa> 


cirques, cwms or corries at the heads of valleys, are characteristic of 
glacial acdon. On the upstream side of rock masses over which the 
glacier passes scoring and scratching occur and a rounded, polished 
surface is produced, while on the dowostream side a rough, irregular 
surface, produced by plucking, is formed. These "roches mouton- 
nees” are also a ht^-mark of glaciatioa. “Erratic boulders” and 
“perched blocks,” weighing up to hundreds of tons and carried 
perhaps many hundreds of from their source, left stranded by 
the oieltiiig ice are further signposts. One further iadicadon of 
previous glaciation is the gougii^ out of rock basins, now the sites 
of lakes, and the heaps of unsort^, unsized moraine material, often 
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crescent shaped, left by retreating gladers, already referred to in 
conoection with lake format!on. Streams of water flow under and 
through glaciers as sub-glacia] and en«giacia] streams and these pick 
up a considerable quantity of rock flour which renders them turbid. 
From the melting terminal of the glacier streams flow away, also 
loaded with detritus, which give rise to outwash gravels and silt on 
the southerly margin of the glaciated region. 

Ice Sheets 

Where a large area is covered by an ice sheet or ice-cap, aa in 
Greenland, thousands of square miles in extent and several thousands 
of feet in thickness, the movement of this enormous area and weight 
of ice although it does not flow in valleys and so have projected upon 
it moraine material from the rock sides, acts as a gigantic plane over 
the surface, particularly as the speed of movement is much higher, 
about 50 ft per day, and the lower levels become so charged as to be 
practically entirely a mixture of rock flour, rounded, scratched and 
grooved boulders. This is deposited where the ic^sheet ends, 
generally as a vertical wall of ice. Such sheets of an unsorted mixture 
of boulders and clay known as boulder clay have been left behind by 
the ice-sheets which invaded the British Isles from a number of 
different directions during the Pleistocene or Great Ice Age in very 
recent geclogieal times whi^ also saw the dawn of man on this 
planet. Such a heterogeneous mixtu re could not have been deposited 
by water, since the velocity of the water necessary ro move boulders 
would never have allowed the clay to settle out. Boulder clay is not 
without its importance in coal mining. Many of our undersea work- 
lugs have a thick layer of boulder clay between the eroded surface 
of the Coal Measures in which the seams occur and the sea, and this 
forms a flexible waterproof sheet of great utility in preventing in¬ 
rushes of water from the sea-bed Into the workings in the sh^ow 
seams. Its absence would necessitate the leaving of a much greater 
depth of “cover” between the workings and the sea-bed which would 
sterilize large areas in the shallow seams. 

Although the Pleistocene Ice Ages are of great interest and 
importance in connecdon with the geology of KW. Europe, Ice Ages 
have recurred sporadically throu^out geological time from and 
including the Pre-Cambrian, probably some 2,000 million years ago. 
Evidence of former Ic^Ages exist in what are now tropical countries, 
for example, that of late Carboniferous Age (contemporaneous with 
the Coal Measure forests of the British Isles) in South Africa, 
Australia, India and South America. Explanations of the causes of 
Ice Ages are still in the realm of geologi<^ speculation. 
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MARINE DENUDATION 

The agenU of marine denudation are waves, produced by wind, 
currents and tidal action. Currents ate due to a complex interaction 
of tides, winds and variation of marine temperature, the tides to the 
rotation of the earth and the variable gravimetrical attraction of the 
sun and the moon. Wave action armed with the products of denuda* 
tlon is the most potent agent in the actual breakdown of the rocks. 
Tides and currents, aided by wave action, affect transport and 
removal of denuded material, and also influence the subsequent 
re^deposition of the material. 

As would be expected, the actual pressure exerted by waves upon 
the rocks on which they impinge varies with the season of the year 

and reaches a high maximum value in 
winter storms, as their destructive action 
on man-made esplanades and coast de¬ 
fences bears witness. In summer Atlantic 
rollers exert a pressure of about 600 Ib/ft^ 
and in winter 2,(X)0 Ib/fl*, while pres¬ 
sures up to 3 ton/ft^ have been recorded 
in storms. Wave action operates between the level of the wave 
trough and its crest, but the actual effects may extend to an 
ind^oite height above this, first by the undermining effect of the 
waves, particularly in a soft band overlain by a harder layer, which 
ultimately brings into play the effect of gravity on the beds 
above in the production of a cliff fall, and secondly, by com¬ 
pressing air trapped in joints and fissures in the rock. This exerts a 
wedging action which widens the cracks, and imparts a sharp, 
shattering blow to the material on the sides. The material pickM 
up by the waves, rock fragments produced by sub-aerial denudation 
and by bombardment from other fragments of like origin, is rolled 
about by the swirl of the waves and is gradually reduced in size 
and rou^edt In storms large boulders are lifted and hurled about 
but the buoyancy effea of water in reducing the specific gravity of 
the material from, say, an actual 2*6 to an effective 1*6 when im¬ 
mersed, should not be forgotten. Where the waves break on hard 
rocks a platform, gently slo|wg seawards, is often produced (Fig. 

19). Between the low- and high-tide marks, this platform may be bare 
of material if the rocks attacked are hard and the rate of erosion 
slow. In softer rocks, a beach with shingle and sand may result 
owing Co the greater depth of the pbtfonn cut in the softer ro^ upon 
which maceri^ can remain and accumulate to form a beach. There 
is a tendency on gently sloping shores for material above a certain 
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crittcal size to move landwards while Che smaller material moves 
seawards. The reason for this is that wave action takes the form of a 
quick forward motion of the water followed by a much slower back¬ 
wash. Both large and small particles are lifted on the forward 
stroke but the gentle backwash can only suck back the smaller 
material. The result, therefore, is an accumulation of large pebbles 
or cobbles near the high-water mark (Fig. 20), and then the material 
becomes progressively smaller seawards until, outside the limits of 
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wave action, the finest material only is deposited in deep water 
(Fig- 2 Ia). 

Owing to prevailing winds, waves generally travel shorewards at 
an oblique angle to the sloping shore and the material carried by the 
waves is thrown on the shore In the same oblique direction. The 
more gentle backwash, however, sucks the material back along the 
steepest gradient, so that the actual path of a particular pebble as it 
is thrown forward and sucked back by the waves is a series of zig¬ 
zags, forward obliquely and strai^t back. 

The resulting movement of material along the shore is known as 
alongshore drift and results in the production of banks of shingle 
from eastward migration of material on the South Coast bordering 
the English Channel and southwards on the Bast Coast in accord 
with the direction of the prevailing wind and without the assistance 
of tides or currents. Well-known banks of shingle produced In this 
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manner are the Chesii Beach near Weymouth. Spurn Point at the 
mouth of the Humber and that at the mouth of the Aide near Orford 
Ness in Suffolk. The banks are often sited near the mouths and 
estuaries of rivers owing to the action of the outflowing river current. 
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Types of Coast Contour 

Broadly two main types of coast line may be distinguished, 
namely eoasts of submergence and coasts of emergence. The former 
are produced when eitlur active coast erosion is taking place or 
the land in the vldnity is descending, probably by earth movement 
but Id any case its level relative to sea*level is being reduced over a 
wide area. The latter presents both phases of the converse case. 
Either new deposits are being built up which carry the coast line 
seawards or the land is rising. Both forms are present in these 
Islands. As a complete whole ^ land surface generally is, of course, 
being reduced in level by the various agents of denudation, but 
without regard to the relative agricultural value of gains and losses, 
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a Royal Commission which inve8ti|ated the position in 1911 re¬ 
ported that the increase of area of th^ Islands in the past thirty-five 
years exceeded the Josses in the ratio of over 7 to 1, 4S,000 acres 
against 6.600 acres. Generally speaking the West Coast is being 
augmented, as the difficulty of keeping open the channel to the port 
of Liverpool well illustrates, while the East Coast is retreating as the 
loss of important sea-ports within historical times bears witness. 
Emergence in past ages is shown by raised beaches and river re¬ 
juvenation, and is cJuracterizcd by simple, straight coast lines of 
similar, relatively unconsolidated rock with little or no indentation 
or relief. Deltas arc also a common feature of an emerging coast 
line. Submergence on the other hand with the drowning of valleys, 
particularly if these are young with sharp V valleys, produces 
sharply-indented coast lines with estuaries reaching far inland. 
Forests now drowned below the sea level are furlhcr evidence of 
submergence. 

Cliffs 

The rate of marine erosion depends upon a number of factors and 
in particular upon the resistance of roclK, including their inclination, 
hardness, presence of Joints, bedding-planes and other fissures, the 
fr^uency of storms and the strength and direction of the prevailing 
wind. If marine erosion is more active than sub-aerial denudation, 
cliffs result but this does not of necessity imply hard rocks. Some of 
the highest clilTs occur in relatively soft strata such as Chalk, Lias 
and Boulder Qay. but harder rocks with well-marked Jointing will 
also form cliffs and off-shore stacks (Pig. 22) particularly if they are 
inclined (dip) towards the sea. When rocks of different hardness are 
exposed along a coast, the softer parts at first are eaten back forming 
curving bays and coves with the lurd rocks standing out as headlands 
which are then subjected to the brunt of marine attack both frontal 
and on the flanks so that the average rate of erosion of the coast line 
is reduced but cakes place evenly in the hard and soft rocks alike. 

With a gently-sloping shore, waves may break a fair distance out 
from the coast with the formation of a sand and shingle bank with a 
lagoon of deeper water between this and the fore-shore. 

Wind Erosion 

The present moist climate of the British Isles is not conducive 
to wind aedng as an important agent of denudation except in the 
formation and migration of sand dunes in coastal areas, rendering 
the planting of marram grass necessaiy to maintain th^ in place 
and prevent the deterioration of valuable agricultural land. In past 
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ages, however, and notably in the Old Red Sandstone and New Red 
S^dstone periods, desert and setni-arid climaiio conditions obtained 
with inland seas wluch were drying up, similar to the Dead Sea and 
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the Caspian of the present day. In true deserts, except for an occa* 
sional cloud-burst, there is practically no ralo and weathering takes 
place through temperature s^lng as there is a high diurnal tempera¬ 
ture range, and chemical action by strong solutions drawn up from 
below by capillarity. Chemical weathering may extend deeply and 
dlaiDtegratioo gives a plentiful supply of fine material for transport 
by the agency of wind, the sole means of removal. Wind, like ice, 
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can transport material uphill and also acts as a sortiiig agent so that 
aeolian deposits show stratification or arrangement in distinct 
layers, but these, like some quickly laid-down water deposits, show 
“current” or “false” bedding, that is, the different layers are not 
parallel to (he lop and bottom of the bed considered as a unit Hie 
buoyancy and viscosity effect of water is absent so that the full 
weight of the panicles borne by the winds is available for erosive 
sand'blasting action on exposed rock surfaces, imparting a character¬ 
istic pallna or burnish. At the same time, the particles themselves 
ore comminuted and are exceptionally well rounded even down to 
sizea ilif in. in diameter, as evidenced in the “Millet” Seed Sand¬ 
stone” of Lancashire and Cheshire, which if carried by water, would 
escape rounding because of buoyancy. The fineness of the grains 
enables them to be transported by wind for great distances and in 
this manner dust from the Sahara is carried by the mistral to Italy 
and the South of France. The “loess" deposits of the prairie and 
steppe lands of North America and Russia consist of su^ air-borne 
dusts from deserts and from the rock flour of gladers mixed with 
humus, and are extraordinarily fertile. An example is the Black 
Earth of the Ukraine. 

In the deserts themselves the position of the sand-dunes is the 
result of complex local air currents end the sites of many of them are 
permanent, though change of local conditions may cause down-wind 
migration. Dunes have a gentle slope on the windward side end a 
steeper slope on the leeward side caused by plucking by wind eddies. 
The migration of sands and dusts is of interest to miniog engineers 
in connection with the suppression of coal-dust explosioos as the 
seme laws govern the "dispmibillty** of coel and stone dusts, that 
is, the ease with which they may be raised in a cloud. 


QUESTIONS 

1. Describe the elTecu olviettherug in a tempente, hutnld climate. 

2. Write a short essay on river developmeot and the diflbreot types of river 
dninage. What do you understand by river capture? 

3. Desaibe the work of (j) Wiod, &> lea, as ge^gleal agents. 

4. Oive an aeecunt of (be fbrmaiJon of cliffs. 

5. How and in what circumstaaees are the following geological structum 
formed— 

River Terraca, 

Alluvial Deposit. 

G>iUio«oral Shelf, 

Oecsyneline? 


CHAPTER IV 


THE SEDIMENTARY ROCKS 
SEDIMENTATION 

It has already been remarked that in ihc region of Ihc storm line 
deposits left by marine erosion» fiung up by storms, consist of 
cobbles with smaller pebbles between: then, seawards, the deposits 
progressively show downward gradation in si 2 e of particle until 
Anally only Ane mud is deposited on the edge of the continental shelf 
and the slope leading to the oceanic deeps. Mingled with th^ 
inorganic deposits are whole and broken shells and other remains 
of Ashes. From the shote outwards therefore, althou^ there is no 
hard'and‘fasi division between them, marine deposits may bo 
postulated as a succession of belts arranged parallel to the shore line, 
each bell consisting of material of similar composition and of the 
same order of grain size. These bells are arranged In the following 
order-^from the storm*Une to low-water line—cobbles and boulders 
grading into gravels, sands and shell banks; from the low-water line 
to a depth of approximately 6001^: sands, silts, and calcareous 
deposits. (This Mt is sometimes known as the Belt of Variables 
since although the materials may show good sorting and grading, 
this is in patches, rather than in zones,) In the deeper waters below 
600 ft is the Mud Belt and beyond this on the ocean floor, outside 
the reach of land-derived sediment, are oozes and Red Oay, the 
latter derived from volcanic and meteoric dusts which settle from the 
atmosphere. 

The indefinite bells outlined above vary widely io width. Thus 
the storm beach may be only a few yards wide, while the mud belt 
spreads over a wide area to the edge of the continental shelf, Deposi¬ 
tion in the vicinity of estuaries and river mouths is somewhat 
different and the mud belt may encroach on the sand and gravels. 
This has been explmoed as follows. It is suggested that each particle 
of fine mud or clay carries a slight electrical charge which, when the 
river meets sea-water at the mouth, is neutralized since sea-water acts 
as an electrolyte, and the particles are now able to clot together and 
be deposited with the sand. This flocculation explains the mud¬ 
flats and estuaries at river mouths in contrast to the much cleaner 
sorting and grading in lakes where, in the absence of an electrolyte, 
the mud particles retain their individuality. 
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Grain Size of S«djinen(s 

Although an mternational classihcation by grain size of sediments 
and the rocks resulting from them has not been entirely accepted the 
following seem to be the most favoured—boulders exceed 8 in. in 
diameter; cobbles are between 4 and 8 in. in diameter; gravels lie 
between 4 in. and 2 mm; sands between 2 mm and 0*05 mm; 
silts (intermediate sediments between sands and muds) fromO'Od mm 
to 0*005 mm; and muds and clay minerals are less than 0*005 mm in 
diameter. Muds arc of various colours, blue being the commonest, 
the colour being due to carbon or to iron pyrites. Red mud is 
coloured by ferric oxide or hydroxide resulting from tropical weather¬ 
ing. Green mud owes Us colour to the presence of glauconite, a 
hydrated silicate of iron and potassium. Sometimes in the case of a 
large river with tributaries draining a very wide area, these tribu¬ 
taries come into flood successively In different periods of the year 
and may bring down dilTbrent materials forming muds of different 
colours. Muds, when flrsi deposited, contain SO to 90 per cent of 
water. When these are buried, water is squeezed out and a plastic 
clay results still containing 30 to 35 per cent of water. Still deeper 
burial leads to the expulsion of this water and the formation of a 
mudstone or bind, or, if laminated, that is arranged in a series of very 
thin layers one above the other, a shale. 

In addition to the inorganic sediments, as already mentioned, 
shells, broken and unbroken, are deposited and these frequently 
occur as beaches and shell-banks as on the West Couu of the 
British Isles and in Holland. Coral mud occurs in the neighbour¬ 
hood of coral islands and calcareous oozes, ludi as Olobigerina 
ooze, reach the fairly deep parts of oceans down to 15,000 ft but are 
dissolved before reaching the greatest depths where only siliceous 
oozes, such as Radiolarian and Diatom ooze, are to be found, 
together with the Red Clay. 

Stratlflcation and Lamination 

It will have been remarked by those with any experience of coal 
mining that a given bed or group of beds of a sedimentary rock is not 
constant over wide areas but tends to change from a sandstone Co a 
stone-bind and then to a shale or bind. In like manner it will be 
realized that a similar gradation will occur in the sediments deposited 
on a sloping shore as shown in Fig. 21 a, greater thickness of coarser 
material is being deposited near the coast, and if no earth movement 
is proceeding, accumulation near the coast may cause a shift of the 
different zones seawards so that coarser material is deposited on 
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filler xnatetial. The same result wilt ta)ce place if the coast is rising. 
If, oo the other hand, the coast is sinkiog, then the finer material will 
overlap the coarser as the 2 one$ shift landwards (Fig. 21b). The 
thickness and the type of sediment deposited at a given site will 
therefore depend on the type of material available, the depth of the 
water and the effect of waves arid currents. As these change, so a 
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change will occur in the sediment and this results in the layering or 
bedding of the dep^iti, each layer slightly different from that above 
and below it. This is known as siratificaiicm (Pig. 23). 

In muds which are deposited in thin layers over wide areas, each 
layer may represent material deposited by a flood, a pause in 
deposidOD oocurring until the next flood period. If the mud is 
deposited in an estuary between high and low tide marks, each 
layer is slightly hardened by exposure to sun and wind before the 
next is deposited. In addition to these time or pause'in'deposition 
eSects, flattened particles, and in particular flakes of mica, are 
deposited with their longer axes horizontal. These effects result in 
material being deposited in very thin individual sheets and when 
hardened they may be split horizontally into layers sometimes as 
thin as i^in. 




THg SEDIMENTARY ROCKS 


43 

The maienal, of which a shale is the commonest example, is then 
said to be laminated. There is no hard'and-fast division between 
stratification or “bedding" and lamination. The distinction is one 
of degree only. In the former the division or bedding planes which 
mark the bottom and top of each layer are relatively far apart: they 
may be several feet in a “freestone/* a sandstone of homogeneous 



Fto. S4, PaUI>»S0OiNO UK CVHMKMIDUINO fNOiCATlvl at 
Shallow Waiw OKtow, tn mi SO'Cauio “Milutohi Oiut," 

NBA* LUNOOLLSN 
(R P. MUUa) 

texture used for building, and only a small fraction of an inch apart 
in a well'lamlnated shale. 

False or Current Bedding 

The sediments previously described have been assumed to have 
been deposited in horizont^ sheets. Actually, owing to the shelving 
shore-line they will be slightly ineUned seawards and will be of a very 
elongated leoticular-shape owing to the higher rate of deposit land> 
wards. 

Sometimes, and particularly in sandstones, although the top and 
bottom bedding planes are parallel is a layer of material, inter¬ 
mediate planes may mo at different aod high angles to the boundary 
planes. Thia is known as false or current bedding (Fig. 24). It 
probably results from the rapid deposition of sand and pebbles in , 
heaps in deltas or elsewhere where currents change direction through 
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local causes and tbe material carried is dropped in a number of 
adjacent heaps NVith axes at various angles to each other. Wind* 
borne deposits also exhibit current*bedding, as already mentioned. 

Fresb>Water Deposits—Lakes 

Where a river meets the sea at the mouth of an estuary its velodty 
is checlccd and it begins to deposit its load. Similarly where it runs 
in at the head of a lake its carrying power is reduced in the same 
manner. Better grading and sorting takes place in a fresh-water lake 
than in the hydrolized water of an estuary, 
and material is deposited in order of coarse¬ 
ness. A delta forms and will ultimately re¬ 
sult in the tilling up of the lake. At first a 
sand-bar is formed (Pig. 25) and the stream 
divides into two. Further bars are formed. B, 
C,D and £, and the river further subdivides. 
Finally a large triangular-shaped alluvial flat 
“a material at the base, de- 

4 8 c r iDiff^nirin p^sited in the le$s*rainy .seasons, on which 
coarse material is thrown down in heaps in 
times of flood. Flood water may then remove a portion of the 
material already deposited and substitute in the channel so scoured 
out fresh material of a different kind. This is one method by which 
a wash-out occurred in the deltaic deposits known as the Coal 
Measures. Streams running into the lake at the side also form 
deltas which extend across the lake and in time may divide It into two 
parts. This has happened in a number of cases in the English Lake 
District. Thus, Derwent Water and Bassenthwaite onpe formed a 
single lake some nine miles in length as, also, did Buttermere and 
Crummock Water- 

Deltas in lakes, though important geologically as the means by 
which the relatively short life of a lake is terminated, are much less in 
size and importance than the deltas at the mouths of large rivers, 
though the mode of formation and configuration are similar. To 
the coal-mining engineer, as already suggested, deltas and deltaic 
deposits are of flrst-rate importance, for the bulk of the coal seams 
were laid down In such condiUons and many of their vagaries and 
those of the rocks associated with them are understandable if the 
conditions of deposit are realized. 

Residual Deposits 

These consist of the products of weathering which have remained 
in situ and have not been transported by water, wind or gravity. In 
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some cases these arc the insoluble constituents, such as the sand 
grains of a sandstone with a calcareous cement which has been 
dissolved away. Clay-wiih-flint cappings, bauxite (the main source 
of commcrdal aluminium), lateritc (a red or brown clay which is 
soft when freshly excavated but hardens on exposure to air), Kaolin 
or china clay are all residual deposits; but the commonest and most 
important is soil. Thb is a mixture of rock waste and mineral waste 
with humus, which is the decaying remains of plants and animals 
peopled by myriads of bacicrio. The character of the soil is largely 
dependent upon the type of rock from which tlie soil is derived, but 
climate has an cITect and in the tropics this factor takes control. 

Soils, or scat earths below coal seams give information of the 
conditions under which coal'measure plants grew and thU aids in the 
elucidation of the mode of coal formation. Peac. as the intermediate 
stage of coal formation, is also of importance and will be discussed in 
greater detail in later chapters. 

Petroleum, also classed as a residual organic deposit, does not 
retain traces of its former components as does coal and peat, and in 
most cases has migrated from its place of formation and is now 
discovered floating on water, often saline, under the arches of anti¬ 
clines and beneath an impervious capping which has prevented 
further migration and loss. 

The alluvial deposits which occupy the flood plains of rivers arc 
also an important source of mineral ores through the sorting of 
deposits which results in the concentration of the highly disseminated 
traces In many rocks. These placer deposits, as th^ are known, are 
exploited for gold, cassiterite (tin oxide), monazite (for thorium and 
cerium), platinum and diamonds. 

As an increasing thickness of sediment is deposited, pressure is 
increased on the lower layers, the grains become packed more 
closely together and water is expell^ from between them. The 
combination of increased pressure and loss of water results in the 
formation of clays, mudstones, or binds, and shales, and is accom¬ 
panied by some chemical change and recryscallization brought about 
by increase of temperature with increased depth of burial. 

In a porous rock, such as a sandstone, the process of hardening 
or compaction from the oripoal sand from which the sandstone is 
derived, is accompanied by the cementing of the grains by silica, 
calcium carbonate or iron oxides and both the colour and the 
strength of the resulting sandstone is largely determiiied by the 
character of the cementing material which is leached out from other 
sources and redeposited from solution as the water percolates be¬ 
tween the grains. During Che process of drying out and compaction 
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Che layers in which the rock is deposited are emphasized and the 
bedding planes are accentuated. The shKnkage also produces 
vertical joints or aacks which although "closed" when buried ai 
depth, tend to open when denudation removes superincumbent 
material, allowing carbonated water to enter and accelerate the 
weathering and break*up of the material. 

Rudaceous or Pebbly Rocks 

The limits of grain size of the particles constituting the various 
types of sedimentary rocks, have already been enumerated. It 
should, however, be realized that the limits of size are doser in the 
smaller-grained rocks. The interstices between the la^e cobbles and 
pebbles of the rudaceous rocks are occupied by material of smaller 
grain size, such as sands and smaller pebbles, as they are on an 
ordinary storm beach, 

Where the pebbles are well rounded, as is usual with marine 
deposits but less emphasized in river gravels, the rock which results 
from consolidation is known as a conghmertJU (Fig. 26). Those from 
terrestrial deposits, such as screes with irregular and angular shaped 
stones, when compacted are known as breccias. The type of rock 
of which the pebbles are composed, many of which would appear to 
have travelled long distances fVom the rocks from which they were 
derived, is of importance in reconstructing the physical geography 
of past geological eras. 

It is important to realize that sedimentary rock constituents may 
be used again and again iu successive geological systems, erosion 
being followed by re-deposition and erosion again, and that when 
once rounded by water erosion, fresh'water or marine, the particles 
may be re^incorporated in different geological formations with 
little change of stupe. 

Arenaceous or Sandy Rocks 

Of these, quartz is generally the most important constituent and 
the character, strength and colour of the sandstone li influenced 
particularly the type of cement compacting or blodbg together 
the grains. This cement may be siliceous, calciferous or Ibrruginoos. 

Tbe coarser sandstones are known as griis, and break with a rough 
surface which also shows snail pebbles. They are hard, have a 
siliceous cement and are used for millstones. The well-known 
Millstone Grit or Farewell Rock immediately below the Lower Coal 
Measures is a typical grit and weathers into large blocks. This is a 
^cal deltaic deposit 

The white and light grey saodstpnes also generally have a siliceous 
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cement and when this occurs as a secondary growth in optical 
continuity with the crystal from which the quartz grain was broken, 
the rock is known as <fuamiie- Other quartzites are produced by 
thermal metamorphism from sandstones, the quartz crystals then 
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being reconstituted by heat and recrystallized. In some lights 
coloured sandstooes the cement Is calcium carbonate, and when 
this takes the form of calcite the rock is known as a calcareous 
sandstone. 

Yellow and brown sandstones have a cement of hydrated ferric- 
oude, while red sandstones are generally wind-worn grains deposited 
as sand-dunes under arid and semi-arid climatic conditions with a 
cement of ferric-oxide. When the sandstone breaks into slabs parallel 
to the bedding planes, the rock is known as a flag and is used for wall 
cappings and paving. The ease of splitting along these planes is due 



48 GEOLOGICAL ASPECTS OF MINING 

to the presence ot white mica flakes arranged paraJlel to the bedding 
planes. 

When <^uartz is not the predominating mineral the rocks which 
result are known by local names. If felspar predominates, as the 
result of (he weathering of igneous or meiamorphic rocks, the rock 
produced by the hardening of the sediment by the presence of a 
siliceous cement is known as arkose. Where the cementing material 
is deHcicnt or absent, beds of loose sand may be found but generally 
sufficient material has percolated in by water to produce at least a 
weak sandstone. 

The transition rocks betsveen sandstones and mudstones, or 
argillaceous rocks, are the silt-rocks, or micro-sandstones, and flags 
with properties intermediate between arenaceous and argillaceous 
rooks, into which (hey often graduate laierolly in opposite directions. 

They do not. like muds and clays, possess the property of plas¬ 
ticity. They are important to coal-mining engineers as much Coal 
Measure strata consist of silt rocks, notably the "stone binds." 

Argillaceous Rocks 

It has already been remarked that compaction of these rocks is 
not by inflliration of cementing material but by hardening owing to 
the elimination of water through increase of pressure. Much of the 
material is in the "jelly" or colloidal state. The composition of muds 
Is SIS yet indeterminate as the material has been broken down into 
a very complicated mixture with properties akin to mica and known 
by the generic name of "clay-minerals." Carbonaceous material 
and ferrous sulphide determine the blue-grey colour of the com¬ 
monest muds and the resulting rocks, which again are of great 
importance in coal-mining. The black carbonaceous "binds" and 
"batts" are generally weak in strength. The mudstones or "binds" 
do not show lamination, but Che shales or "clifes" do, probably 
through a high mica content emphasizing bedding planes and 
pauses in deposition allowing diflisieoiial hardening and slight 
differences in constitution. Secondary mica is also produced by 
chemical action during hardening and this facilitates splitting 
between layers. When shales are metamorphosed slates are pr^uoed 
with cleavage imposed by pressure often at a high angle to the 
original bedding. 

Clays become plastic through partial dtying by superincumbent 
weight and cracking in irregular directions is common. The "seat 
earths" of coal seams, known as "seggars" and "clunchesare often 
impure Are clays which graduate into sandy "stone-elunches." 
Occasionally pure fireclay or a gaoister, with a silica content of over 
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90 per cent, fonns the seat earth- The coal seam and the floor may 
then be worked simultancou$ly> refractory bricks being manufactured 
from the latter, AM argillaceous rocks, clays, shales, and mud* 
stones are raw materials of the brick-making industry. 

Calcareous Rocks 

The main constituent of these rocks is calcium carbonate, generally 
of organic origin but sometimes produced chemically, 

The shell-bands of whole and broken shells when consolidated by 
calcareous mud or calcitc. crystallized out frorn percolating water, 
form shelly limestones. Occasionally a femiginous cement is present 
and the resulting limestone has a yellow or brown colour, Of the 
two crystalline forms in which calcium carbonate occurs, aragonite 
and calcite. the former is unstable and is often recrystallized as 
calcite. In Carboniferous times, Crinoids or ^'sea-lilies*' produced 
a great thickness of mountain limestone, particularly in Derbyshire. 
Similar deposition is taking place at the present time, but at a very 
much reduced rate, at the bottom of the Irish sea. Coral limestones 
consist of the skeletons of reef-building corals. Such corals are 
active in tropical seas of the present day where the temperature 
exceeds dB*F. Wenlock limestone is of this type, Chalk, similsirly, 
consists of the remains of foramlnifera cemented by calcareous mud., 
It Is white or light yellow in colour and, as impurities are low, is 
practically entirely calcium carbonate. It is porous and therefore 
waterbearing when deposited on top of an impervious day. It often 
contains nodules of silica, known as flints, with sponge spicules, 
These nodules occur in bands or seams and were worked by the first 
miners, those of the Middle Stone Age, before farming commenced— 
thus representing the first skilled craft after that of hunting. 

A transition rock between mud rocks and calcareous rocks is 
represented by the marh or limey clays, They were often laid down 
In fresh-water lakes. The Chalk Marl and some of the Liassie marls 
contain nearly the right proportions of limestone and silicate of 
alumina to form cement when burned in a furnace, 

Dolomite is a mixture of magnesium and calcium carbonates, 
the proportioos of which vary up to 44 per cent MgCO^, correspond' 
ing to the double carbonate, CaMg (CO^)!. It appears Chat the 
majority of dolomites, or so-call^ magnesian limeatones, are 
sedimentary limestones deposited ia inlaiid seas like (he Caspian 
which became more and more saline as they dried up. The mag¬ 
nesium carbonate replaced some of the aragonite and calcite as a 
secondary enrichment and similar dolomilization has occurred 
along fault planes and major joints where Carboniferous Limestone 
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ii overlain by new slrata of Triassic age. From these percolation of 
magnesium salts occurs and replacement of some calcium carbonate 
by magnesium carbonate takes place. In the deeper portions of coral 
r^s dolomitization occurs through percolation of magnesium salts 
from the overlying sea-water. 

Much of the dolomite of the NE. coast is concretionary, formed 
round a fossil a$ a nucleus, and taking on a number of strange shapes 
with spherical or "Cannon Ball” structure as the most common type. 
Anhydrite deposits also occur in magnesian limestones for example 
near Middlesbrough on the NE. coast. The next geological system 
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above the Permian, considered as part of the Trias, also has a charac¬ 
teristic series of limestones known as oolites from the small spherical 
grains, like the roe of a fish. When the grains are of larger size, 
about I in. in diameter, the rock is known as a pea-grit or pisolite. 
In both caus the grains consist of concentric layers of calciie, 
exhibiting also a radial structure with a nucleus of fossil shell 
fragment, sand grain or mud dot. The mode of formation appears 
to be crystallization of calcite or aragonite from a saturated solution 
of calcium carbonate round the nuclei, but in some cases calcareous 
algae siay play a part. The Oolitic Limestones ere renowned as 
building Stones and indude the Portland Stone. 

IronstODcs 

Another replacement product of limestone by solutions descend¬ 
ing from the Trias above are the haematite iron ores of Cumberland. 
North Lancashire and S. Wales (Fig. 27). This ore is ferric oxide, 
Fet Of, and occurs as kidney-shaped concretions, the masses of ore 
being formed in very irregular shapes bearing relation to faults 
which occurred in Post-Triassic times. 
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The most important iron*ores of this country are, however, 
sedimentary deposits and are divided into two groups (a), the Clay 
and Black-band Ironstones of the Coal Measures, upon which the 
iron-smelting practice of this country was developed but which ace 
now of much less importance and (6), the Jurassic Ironstones show- 
ing oolitic structure analogous to that of the limestones of the same 
system. In addition there are magnetic ores associated with meta- 
morphism, notably in Sweden and Eastern United States, but these, 
containing up to 60 per cent iron, are not important in this country. 

(o) The Clay and Black-band Ironstones are concretionary in 
form and composed of ferrous carbonate or siderlte. The concre¬ 
tions or nodules often have a well-preserved plant fossil as a nucleus 
and are deposited in the fresh-water shales of the Coal Measures 
and Wealden (Chalk) ages. In the stagnant waters of the Coal 
Measure deltas, with a plentiful supply of rotting vegetation giving 
reducing conditions through bacterial action, hydrated oxides of 
iron were deposited from solution and converted to siderite, FeCOg. 
Bog iron-ore is being formed by a similar reaction at the present time. 

{b) The Jurassic Iron-ore deposits of Lincolnshire and of Cleve¬ 
land in Yorkshire are worked by open-cast workings in the former 
case, where the dip Is low, and by underground workings in the latter 
case where the strata above the deposit is strong enough to form a 
.reliable roof The ore consists of small spherical concretions or 
eoliths formed by chemical precipitation round nuclei and consists 
of green iron silicate (chamosite), mixed with a high proportion of 
iron carbonate (siderite). At surface this oxidizes to hydrated P^Oi 
with a characteristic rusty-brown colour. The deposit was laid 
down In sifu in shallow sea-shore or lagoon conditions with gentle 
wave action sufficient to roll Che particles during accretion and allow 
of concentric growth, 

SUBSEQUETfT MOVEMENT OP SEDIMENTARY ROCKS— 
FOLDING AND FAULTING 

The sedimentary rocks were deposited in what are for practical 
purposes horizontal sheets. Since most shore-lines slope gently 
seawards there is actually a slight indioation or dip in that dirMtion 
and as the rate of deposition is greeter towards (he lend, the in¬ 
dividual sheets are very elongated leaticles. As long as the sediments 
are laid down one upon the other, each layer parallel to those above 
and below, the series is known as conformbU (Fig. 28), and in the 
of deposition in a geosyndioe, up to 50,000 ft of strata may be 
laid down in this manner, 'niere may have been temporary pauses in 
deposition duriog the period which must ensue for deposition of this 
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magnitixdc, through failure of the supply of material to rivers, 
deflection of currents on change of climatic conditions or whatever 
other agent of denudation was operative. Later, the supply may be 
resumed. Such a gap is known as a nori’Se^uence and may be recog* 
nized by the absence of fossils, present in other areas wh^ deposi¬ 
tion has been continuous. 

Ultimately the sinking which has permitted the accumutation of 
sediments may be arrested and be followed by elevation. This 
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elevation may take one of two forms, a slow elevation through gentle 
warping of the earth's crust, with little disturbance of strata, or more 
violent uplift accompanied by bending or rucklng-up of strata, 
fracturing known as faulting, and a greater or lesser disturbance of 
the deposits from their original horizontal arrangement, although 
the parallel arrangement of the different beds will continue. After 
elevation, erosion again acts upon the uplifted, tilted, or folded strata 
and in time the irregularities will be planed off and the region will 
tend in conflguration towards the peneplain. If the area now again 
sinks it will once more become a region of deposition and a new series 
of sediments will be laid down upon the er<^ed surface of the older 
strata, Thus there will be both a prolonged gap in time between the 
deposition of the rwo series of sediments and, if the older formation 
has been tilted or folded the bedding planes of the older and younger 
formations will be inclined at different angles to the horizontal and 
not parallel. The Junction of the two formations is known as a plane 
or surface of unconformity (Fig. 23) and the two formations are said 
to be uQconformable. Whatever folding, tilting or fracturing 
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affected the older formation before the new formation was deposited 
will, of course, not affect the newer formation» but any subieqtient 
deformation will affect both. As, however, the lines, axes or planes 
of weakness in the older formation (along which previous movement 
and deformation took place) remain, subsequent movement is 
probable along the same axes and will affect both older and newer 
formations. In the younger formation, however, the total amount of 
movement or dislocation is less than in the older formation beneoth, 
as the latter exhibits the aggregate of the two movements while the 
former has been subjected to the later stage only. This phenomenon 
is commonly encountered in the Permian and Triassic systems above 
the Coal Measures. The extent of the gap in time and of the strata 
succession omitted during the period indicated by the unconformity 
may be determined by reference to areas in which the break in 
deposition did not occur. The correlation of the top bed of the 
older and the bottom bed of the new formation with the succession 
in the region in which deposition was continuous is by fossils, plants 
or animals, whose remains have been buried and preserved in the 
sediments deposited immediately after their death. As deposition 
on the denuded surface of the older formation generally occurs in a 
basin, either a sea or a lake, with a gentIy*sloping shore, successive 
beds of the new formation will extend or transgress further over the 
older formation than the one below it. This is known as overlap 
(Fig. 28). 

Dip and Strike of Beds 

When earth movement occurs the beds are tilled or inclined. A 
knowledge of the amount end direction of the maximum tilting is 
important for purposes of reproducing the arrangement of the strata 
on a plan or map, known as a geological map, and in cros5*sections 
showing the probable arrangement of the strata vertically. It is 
known as the inclination, full or true dip of the strata (Fig. 29), and 
is the steepest slope the beds make with the horizontal measured 
in degrees. The direction in which this maximum inclination occurs 
is referred to the points of the compass. Thus a series of beds when 
measured by a clinometer (Fig. 30), may have a dip of 8^ in a direc> 
tion NNB. A horizontal bed will have a dip of 0^ and a vertical bed, 
00° and the direction of dip will depend on the direction in which 
the pressure producing tilting or folding was applied. On geological 
maps the direction and amount of the dip is shown by the following 
symbol; A direction at right an^es to the line of full dip of the 
t^s will be horizontal and is known as the direction of the strike of 
the beds. Thus the direction of strike of the beds mentioned above 
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would run WNW. and ESB. An mdined bed coining to surface on a 
dead levd plain wiU nin across the plain> or outcrop, along the direc^ 
tion of strike, and the various beds wIU appear as a series of bars. 
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oldest to the rise in the direction in which the beds are dipping (Fig. 
31). If the beds are vertical, the width of the bands at outcrop will be 
(he true thickness of the In other cases the width of the out* 
crop in relation to the true thickness of a bed will depend on the angle 

... . thickness of bed 

of dip, SO that width of outcrop » -?—\— 

«’ ‘ sine of angle of dip 
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When, however, the surface is not a flat, horiiOntal plain, but h 
itself undulating, the shape of the outcrops will depend upon both 
the dip and the configuration of the surface. Vertical beds will 
always remain as straight lines and horizontal beds will have out¬ 
crops running parallel with the surface contour lines. In valleys 



Pio. 32. iMUGii a AND Oi;tuiii b 


bf fOMtei CailNr on hUliop ptodiMOd ^ MtudjUae. 


f beds dipping at a lesser angle than the gradient of the floor of the 

I valley will have a V-shaped outcro|| pointing upstream, beds dipping 
I against the gradient of the valley will have a blunt V-sbaped outcrop 
\ pointing urotream, while beds dipf^g at an an^e greater than the 
gradient ot the valley floor will give V-shaped outcrops poi&tiog 
downstream. The lower the dip Ae greater the irregularity of the 
outcrop. Dips rarely remain constant either in amount or direction, 
the line of strike of course, chan^g direction with the dip. If a 


f 












56 obological aspects of mining 

patch of older rock is exposed at the bottom of a valley surrounded 
by new rocks it is known as an inlUr, a (ing. 32), while a patch of new 
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rock isolated on the top of a hill, surrounded by older strata is 
known as an outlier, b (Fig. 32). Inliers and outliers are also produced 
by folding or crumplii^ of the beds by pressure resulting from earth 
movement (Fig. 32). 
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Folding 

When strata arc crumpled by pressure, certain types of folds or 
rucks have come to be recognized, some simple and some, by 
compounding different types, extremely complicated. The simplest 
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is the arch or anticline (Pig. 33), in which the beds dip in opposite 
directioos away from the Ihie or axis along the summit of the fold, 
which runs at right angles to the direction of the appUcadon of 
pressure. The dii^oo of the axis is rarely horizontal but is inclined 
and this is known as the piidi of the axis, denoted like the dip by the 
angle of inclination to the horizontal and compass direcdoc. The 

s-cr.S97) 
















58 GEOLOGICAL ASPECTS OF MINING 

complement of the anticline is the s^^ncline (Fi|. 34), in which the 
strata is bent into a hollow or trough and the b^s dip towards each 
other. Folds are rarely symnactrical (Figs. 33 and 34), but one limb 
is generally steeper than the other, the steeper being on the side away 
from the direction of thrust, when the fold is said to be asymmetrical 
(Fig. 35). 

The different portions of the fold are known by dsstinciive names; 
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thus in Pig. 36, a is the arch limb or core, b the trough limb or core 
and c the middle Umb or septum. Folds ultimately die out in both 
directions and thus form elongated domes or basins. Cross folds, 
the result of the subsequent development of pressure at right angles 
to the direction of the original pressure, produce domes, periclines 
and basins in which the beds dip from or to a central point. Generally 
these basins are again elongated in one direction. The different 
coalfields owe their escape from destruction by erosion to the basin* 
like structures in which they now are found. 

An asymmetrical fold, when the lateral pressure has been Inunse, 
may have the limb away from the direction of pressure application 
vertical and even overturned (Fig. 37). In such a case a shaft sunk 
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to recover a coal seam a at c> may pass through the seam three limes. 
a. b and c, and between d and e the strata wiJl be inMried, the newer 
strata being under the older. Such a fold is termed an ootrfold or a 
ncumbent fold. Instead of being simple, folding may take the form 
of secondary anticlines or syncHrtes forming together a main anti¬ 
cline or syncUne. Such an arrangement is known as an anticUnorium 



Fio. IS. Syncunokcum 


or a syncHnorlum (Fig. 3S). The Pennine Range of Derbyshire is an 
arch of the former type and separates the Lancashire and Yorkshire 
and Derbyshire eoalnelds. Reference has already been made to the 
contorted, complicated folding of the nappe aiu overthrust types 
of the Alps and North-West Highlands of Scotland. 


Faults 

Faults are cracks or dislocations of strata which occur when, 
owing to the low elastic limit of most rocks, the strains set up by 
earth movement and folding exceed the resistance of the strata. The 
beds are displaced on the two sides of the plane of fracture. Two 
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types of faulting are to be distinguished, "normal'’ or tension faults 
in which the rocks are stretched and a gap or "want** between the 
beds allows of the relief of tensUe stress (Fig. 39), and secondly, 
"reversed, thrust or compression" faulting (Fig. 40), in which a 
is thrust over itself and the bed is overlapped or repeated. In Figs. 
39 and 40, ob represents the plane or crack fissure of the fault which 
generally dips at a high angl^ abc, to the horiaontal in the case of a 
nonnal fault, and at a low an^e in the case of a reversed fault The 
angle of hade is the complement of this, boc, the throw or displace¬ 
ment of the fault is ac, die sluR or "want" in the case of a normal 
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fault is be (Pig. 3^), the overshift in the case of a reversed fault is 
be (Fig. 40). In a normal fault the fault plane or slip indicates the 
direction in which the displaced bed has moved viewed from the 
other bed. Oenerally the dip of the beds changes in the vicinity of a 
fault, being bent upwards in the case of an upthrow fault, from b to a 
in Fig, 41, and down In a downthrow fault from a to b. This is some* 
times known as the “drag" of the fault. The direction of the fault 



plane is known as the strike of the fault and this is seldom a straight 
line for a long distance. Similarly, the dip of the fault plane varies as 
the Osaure crosses beds of different hardness, the an^e of dip. like 
that of the Assure or “draw" produced by mining subsidence, being 
steeper in the harder rocks, 'me amount of the throw of faults also 
varies. Starting from zero it increases to a maximum about the 
middle of its course and then again falls to zero. Branches or off* 
shoots may split ofT the main fault and faults may cross each other, 
the minor being shifted by the other, master, fault. Faults may occur 


PlO. O. TaOUQH Fauit 

in parallel groups, and are then known as step faults (<z, b, c Fig. 42). 
Faults, opposite in throw,.may occur adjacent to each other, so that 
a given b^ is displaced into a trough and then thrown up to its 
former horizon. This is known as a trough fault {d and e, Fig. 43). 

Faults geaeraUy run in one of two directions at right angles. The 
first group, known as longitudinal or strike faults, runs parallel to 
the strike of the beds and to the axes of the folding. The second 
group, called transverse or dip fxultSy runs parallel to the dip of the 
beds. Faults may cause a displaceruent from a fraction of an inch 
to thousands of feet 
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Effect of Normal Faults on Outcrops 
Strike faults cause a repetition of the outcrop of a given bed (Fig. 
44), which shows the repetition of the outcrop of a coal seam by 
two strike faults. 

Dip faults cause a shift in the outcrop of a particular bed» as in 
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Fig. 45. which shows the effect of two dip faults, F. The downthrow 
side of a fault is indicated on a geological map by a short bar on that 
side of the fault plane, and the throw if known, is shown in yards. 
The outcrop of a fault at surface is shown in white; where proved 
underground, in yellow; proved faults by a full line, hypothetical by 
a broken line. 

Fault fissures are rarely visible at Che surface and the presence of 
the fault is indicated by the juxtaposition of beds of different 
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Korizons in the sequence, A sudden discontinuity in surface features 
woiild also indicate possible faulting. 

Reversed Faults 

A reversed fault, the result of compressive forces produced by the 
movement of material against a foreland of older rocks which forms 

A buttress or one »aw of a vice, is often 
result of the rupture or pinching out 
of the septum or middle limb of a re- 
cumbent fold, as shown in Fig. 4d, 
Thr«M which shows also the low dip of an 

f®) overthrusi, the type often associated 

with the building of mountain chains. 
It will be apparent from Fig. 46 that 
— the overlap or repetition due to a re- 

versed fault may give misleading in- 
formation in a bordhole or shaft as the 
same seam may be penetrated twice and 
^ erroneous idea of the re* 

sources available. On the other hand, 
if bored or sunk into the want of a 
normal fault in the viwaity of a coal 
seam, that seam may be missed entirely. 
Reversed faults are not common in 
Coal Measure strata in this country. 










-- Movement of rocks over other rocks 

. along a fault fissure causes striation and 

scratchine of the rocks in a character* 
-Sticfashionprodudng what is termed a 
slicken-sided surface. The fissure itself 
maybe a narrow, almost imperceptible crack or a wide belt of crushed 
material, the width being no criterion of the throw of the fault It 
is often lined wlh a tenacious day called the leather-bed, leadCT, 
selvage or gouge. This also comm^y contains crystalline material 
as faults often form channels for underground water The ores of 
metals such as lead, tin, copper and zinc may be deposited in fault 
fissures (from solution in subterranean water) as veins or lodes. lo 
the same manner dangerous inrushes of water may occur when faults 
are encountered in underground workings of collieries and mines, 
particularly if the area is overlain by porous rocks heavily charged 
with water. Fragments of rock from the sides of the fault fissure may 
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ht found ia it, cemented by quartz, calcite or other material into a 
crush breccia, or if the fragments are rounded by movemeat along 
the fissure, a crush conglomerate. 

Joints and Cleavage 

Related to folding and of importance in mining and quar^ing 
is jointing in rocks, the series of vertical division planes, sometimes 
at relatively great distances apart and in others much nearer together. 
They form two sets at right angles to each other, one set parallel to 
the strike and the other parallel to the dip. Jointing is generally 
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particularly well developed in all except anthracite coals, and even 
the smallest particles exMbit two verdcal faces at right angles known 
as “cleat/’ as well as the normal horizontal banding or bedding. 
One set is generally more strongly marked than the other and is 
known as the “bord” or “face” of the coal while the other is known 
as “end,” "headways” or in the United States as the “butt" (Fig. 
47), In the days of hand-getting the “eJeat” or “cleavage” was of 
special importance, as coal worked on “bord” was easily got. Other 
directions at definite angles to the bord and cleat had diaracterUtic 
names. With the advent of coal*cutliag by machinery many coal¬ 
faces are “on end” or approximately in that direction, so that the 
coal is produced in cubical pieces. 

In certain coalfields “cleat” is replaced by “slip.” In slip the coal 
has divisioD planes at about 70“ to the horizontal so that the coal 
lies in inebned layers like the leaves of a book. When the lay«^ 
slope away from the miner, this direction is known as working "on 
the face of the slips" and coal-gelling is easy. Working in the reverse 
direction with the slips leaning towards the worker is less easy as the 
coal is more liable to roll over- This is knosvn as working “on the 
back of the slips.” 
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Cleavage in slates, already mentiooed, is also the result of earth 
movement and particularly of metamorphism but should not be 
confused with cleavage or cleat in coal seams. 


QUESTIONS 

1. Give an account of lh« mode of deposition of the more common types of 
sedimentary rocks. 

2. What do you understand by strotiftcatlon and lamcnation? 

3. Give some account oTthe deposition of denuded material In lakes and delins, 

4. T>)fine the following types of sedimentary rocks— 

(a) Rudaeeous. 

(A) Arenaceous. 

(e) Arcillacecu^. 

Ui) Cotoreeus. 

5. Wrile en account of the iron^res of Groat firitnin. 

6. What do you understand by dip and strike of lodlmenu^ strata? 

7. Give some account of the common types of fbldlne. 

d. Deserlbei with iflustrsttons, the prirmpel kinds of fsulis. 


CHAPTER V 


EtEMENTARY STRATIGRAPHY 

BRIEF HISTORY OF THE GEOLOGY OF THE 
BRITISH ISLES 

As sedimentary rocks have been laid down in successive layers it 
follows that the older will be below the younger unless folding and 
faulting have produced inversion since deposition. If the folding is 
unravelled and the strata returned, in the mind’s eye. to its original 
position, this first law of stratigraphy—the science of the sequence of 
rocks—called the law of superposition widch states that of any two 
beds of sedimentary rock that which was originally below is the 
older, will enable the beds to be arranged in the correct order of age. 
This law. of course, applies only to the sedimentary rocks but a 
further test of age is that of included fragments. That is the rook 
must be younger than that which supplied the pebbles, sand or mud 
from wiveh it is built up. Also of importance ii the lithological 
nature of the rock. Roclu of particularly distinctive character, such 
as coal seams, chalk and red sandstones, may ba traced and so 
correlated over a wide area, but it must not be forgotten that a 
particular bed may change fairly rapidly in eomposition. lateraUy. 
Thus a coarse sandstone may merge into a stooe*bind (siltstone) and 
then into a shale, so Chat Ittholo^cal character Is only conclusive in 
rather exceptionai cases. Intrusions, such as sills and dykes, must be 
newer than the newest sediment into which they are intruded and 
older than the oldest sediment containing fragments of them. Osving 
to freouent repetition of sets of physical conditions in different 
geological ages, deposits of remarkable lithological similarity have 
been produ^ differing widely in age and a more certain criterion is 
that of fossil content of rocks. Meticulous and detailed research 
work has confirmed the truth of the law, first enunciated by William 
Smith, that each bed or group of beds is characterized by its own 
particular set of organic remains. The utility of fossils for purposes 
of correlation of strata over the widest possible area will, therefore, 
be appreciated. Evolution is proceeding and has always taken place 
and each species of organism, plant or animal, flourishes for only a 
limited period on the earth and then dies out. When it once dies out, 
that is, becomes extinct, it never reappears. Further, the habitat 
of the fossil, marine, estuarine or fresh water, is a clue to the 


GEOLOGICAL ASPECTS OP MIMING 


66 

conditions of deposition of the sediment in which it is found 
embedded. 

For purposes of identification and correlation it is evident that a 
species of fossil, which must have its origin in a particular district 
and which then spreads rapidly laterally, reaches its maximum 
distribution in a short space of time and then dies out quickly, as 
shown diagrammailcally in A Fig. 48; this species is of more use for 
idcniificalion purposes than one (fl Fig. 48) with a llmilcd horlaonial 
distribution and a long time range. The desiderata in a fossil arc 
therefore—(a) small verlical range; (A) wide and rapid distribution, 
geographically, from Us place of origin. 


Ml 
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It should be realized that a speeies may withdraw from a particular 
area through changes in local conditions which become unfavourable 
to it, but may reappear when conditions again alter. But If It dies out 
entirely throughout the world and becomes extinct It does not 
reappear. Great or rapid changes in the fossil content, which Is 
normally gradual fVom bed to hid, may indicate an unconformity, 
an incursion of the sea Into a lacustrine area or the sudden deepening 
of the sea. Such changes are of great importance and form con¬ 
venient division lines between groups of sediment, 

PRESERVATION AND CLASSIFICATION OF FOSSILS 
Only in recent rocks are the actual hard parts of (he dead organisms 
preserved. Generally there is found only a cast, external or internal, 
or a hollow cast reproducing both ioternal and external tnarkiogs, 
particularly of shells, but where replacement takes place the orgamsm 
is replaced particle by particle by another material such as iron 
carbonate, silica or pyrites and the structure of the original orgamsm 
is preserved perfectly. 

Fossils, like living biological and botanical speclmeus, need 
classification if they are to be of any use, and the first division is of 
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course into aniiuals and vegetation. The animals may be divided 
into nine phyla. 

1. Protozoa, the simplest form of life, having no separation of 
function of the several pails except the hard protective covering or 
skeleton which forms the fossil. Common examples are the Fora* 
minifera with a calcium carbonate case and Radiolaria with a 
geometrical covering of silica. 

2. PORJFERA are slightly more complex having two layers with 
tubes traversing the body through which water circulates and into 
which food is drawn. The sponges with homy, silieious or calcium 
carbonate framework of spicules belong to this sub*kingdom. 

3. COBCSsreRATA have a separate central canal or cavity for 
digestion communicating with a mouth equipped with tentacles. 
They are subdivided into Hydrozoa and Actinozoa. The former 
includes the Graptolites, one of the most important fossils of the 
Lower Palaeozoic (ancient life) rocks, which arc connected together 
in line so that the appearance of the composite animal is that of e 
quill pen. The Actinozoa includes the corals, important as lime* 
stone builders. 

4. ECKiNODBRMATA are distinguished by their thorny skins and 
are much more highly organized than the preceding sub-kingdoms. 
They are often protected by plates or spines of calcium carbonate 
and include the star-fishes, sea-urchins end Crinoidea or sea lilies, 
the last forming the Carboniferous Limestone of the Derbyshire area. 

5. Vbrmbs, or Worms, which are not common as fossils unless they 
are covered by a calcium carbonate tube. Worm casts or tracks, 
however, have been discovered in terrestrial deposits. 

6. ArthrOEODa consist of animals divided into a number of parts 
in lories, each equipped with a pair of legs. It includes Crustacea, 
like lobsters and crabs, spiders and insecu. The most important 
fossil type is the trilobite which in its various forms lived in Palaeo¬ 
zoic times only. It consisted of segments divided into three portions, 
the segments are joined to the head with jaws and antennae and the 
tail and chest portions have feet for swimming and gills for breathing. 

7. Molluscoidra are animals with soft bodies protected by a 
shell of calcium carbonate or of a homy texture. The Brachiopods 
are an important subdivision in which the protection takes the form 
of a bi-valve shell, with the lower valve, containing the animal, 
larger than the upper valve. Although difering in size, the valves 
are symmetrical. Anns or feelers attached to the mouth conveyed 
food to it and in many cases these arms were supported by a spring¬ 
like framework. The Brachiopods flourished particularly in the 
older, Palaeozoic, recks but certain forms persist to the present day. 
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8. MoLLUSCA comprise the shell-fish, with a well-organized and 
developed corpus and have three imporiant subdivisions. The 
Lamellibranchs ace headless and are protected by a bt-valve. the 
two shells being similar in size and symmetrical, carried on the sides 
of the body- The cockles and mussels are present-day representatives. 
The Gasteropods, on the other hand, have heads equipped with eyes 
and the single valve protection is conical in shape, simple or spiral 
as in snails and whelks respectively, The older fossil Gasteropods 
were vegetable feeders, but the later representatives are often 
carnivorous. The Cephalopoda also have heads, with tentacles to 
convey food to the mouth. The characteristic feature is a sutured 
shell divided into septa. The cephalopoda reached their maximum 
distribution in the Mesozoic (Middle Age) Rocks, and among those 
frequently encountered are Nautilus, still extant, and the fossil 
Ammonites. The cuttlefish is a modern representative of the fossil 
Belemnites. 

9. VBRTB8RATA arc relative newcomers in Geological time. The 
characteristic of this phylum is a skeleton with a backbone and four 
limbs. Subdivision is into five categories—fish, both salt and fresh¬ 
water habitants, which breathe by means of glls and are cold¬ 
blooded; amphibia, breathing by gills in their youth and by lungs 
on reaching maturity; reptiles, cold-blooded and with short or no 
limbs, but breathing by lungs; birds with the power of flight and 
coverings of feathers instead of scales or hair; and mammals to 
which the common land quadrupeds belong. Since the end of the 
Middle Age, Mesozoic, rocks, there has been a development of the 
placental mammals and in the last miUion years, a veritable moment 
in geological time, the evolution of man has occurred. 

The second kingdom is that of the plants; divisible into Phanero¬ 
gams. bearing flowers and on fertilization produce seeds by which 
reproduction takes place, and the Cryptogams, without flowers, 
which include fungi, lichens, messes, sea-weeds and ferns. The 
Phanerogams are subdivided into the Cymnosperms, with naked 
seed, including firs, pines and the cycads and the Anglosperms which 
include palms, lilies and most of the common garden and hedgerow 
plants and trees in which the seed is carried in a seed-vessel or 
container. In Palaeozoic rocks Cryptogams alone are found as 
fossils, but in Mesozoic rocks Phanerogams appear and Afigio- 
sperms are found from the Cretaceous (chalk) period. 

Distinct and defloite groups of fossils are confined to a single bed 
or zone, although some may overlap a number of zones but have 
reached their maximum development and arc therefore more 
numerous in a particular zone. 
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As breaks in deposition are never world^wide, it is to be expected 
that in certain cases a strongly emphasized unconformity exists in 
certain areas between two groups of sediments and in others transi¬ 
tion takes place from one to the other without any break in the 
succession. Thus the break between the Carboniferous and the 
Permian systems is well marked in this country, but the transidon 
is without a break in the east. It will also be realized that in past ages, 
as at the present time, marked climatic diflcrences occurred in di^er- 
ent paits of the globe and iliat oceans were divided as now by 
continents which had each their separate and distinct flora and 
fauna. Thus exact and easy correlation by fossils over very wide 
areas is not possible and can only be achieved by progressing from 
one area to the other in stages. 

DIVISION OF STRATA AND GEOLOGICAL TIME 
By painstaking research the succession of sediments has been 
divided first into five main divisions in time, called eras, and the 
succession of strata deposited during each is known as a group. 
These are again subdivided into periods (time), and systems (strata), 
and these again successively inio epochs (time), and formations or 
series (strata); age (time); stage (suata); and phase (dme) and zone 
(strata). 

The tendency as knowledge accumulates is towards an increasing 
subdivision into su^zones, but although the division outlined above 
was adopted at the International Geological Conference in 1900, the 
convention is not always rigidly adhered to by geolo^sts. 

The most promising absolute measure of the age of strata appears 
to depend upon a measure of the helium and lead content of rocks 
produced by the degradation of radio*ac(ive heavy elements. As 
some helium may have escaped and some lead may have existed in 
the rocks when laid down, minimum and maximum possible ages 
are obtained according to which is adopted as the age index. The 
true age probably lies somewhere between the two. In Table I, which 
shows the main divisions of the succession, the age and duration 
of the systems is also indicated, the character of the deposits laid 
down on land or in the sea and the main systems of fol^ng. The 
relative thicknesses of strata in the various geological systems are 
shown in Fig. 49. 

The British Isles and Western Europe comprise one of those areas 
whose gcolo^cal history is marked a cydic repetition of alterna¬ 
tions of earth movement associated with eme^nce and mountain- 
building and submergence accompanied by sedimentation. The 
sediments ate generally of a marine type associated with deposition 
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in a shelf area bordering a continental shield. The geolo^cal 
succession available for study is therefore veiy complete in contrast 
to the more stable portions of the earth’s crust. 
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Pre^ambrian 

The oldest rocks encountered in the crust are those whi^ consti¬ 
tute the massive cores of the continental shields and are called, for 
the want of a better name, the Pre-Cambrian since they are older 
than the Cambrian, in which the first fossils are found. As the latter 
are relatively highly developed the lapse of time between the two 
must be very large, and since no fossil trace of this period is available 
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except somewhat doubtful womKasts iti tbe Huroaian series of 
Canada and phosphatic lenticles in the Torrldonian of NW. Scotland, 
it seems likely that life first appeared in the seas and left no trace, 
although the destruction of fossil evidence 
by intense earth movement and mela* 
morphism cannot be ruled out. 

The Pre*Cambrian rocks are divisible 
into two systems, the Archaen and the 
Algonkian. These are represented in NW. 

Scotland, the area in the British Isles in 
which the extensive exposure of Pre* 

Cambrian rocks occur, by the Lewisien 
gneisses and Torridonian Sandstone series 
respectively. Elsewhere In Britain a volcanic 
series of lavas and ashes divides the 
tewislan and Torridonian facies. 

The older portion of the Pre'Cambrian 
has been named the “Fundamental Com¬ 
plex" and into this has been intruded a 
series of dykes and sills of igneous rocks. 

Earth movement has metamorphosed the 
complex* which largely consists of pluionic 
rocks, into gneisses together svith some sedi¬ 
ments now metamorphosed into schists and 
even the intrusions into these show meta- 
morphiim in the shape of foliation and 
banding. All vary in composition from 
ultra buic to acid, the former being pro¬ 
bably the earlier. The Torridonian series 
is stratiAed and often horizontal, resting 
unconformably on the highly-contorted and 
deeply-weathered surface of the Lewisian 
series. It consists of coarse grits and arkose, 
reddish-brown in colour with much felsjnr 
and interbedded shales. It was deposited 
quickly and shows fsJse bedding, and is 
presumed to have been laid down by torrents in a semi-arid region. 

Elsewhere in the British Isles small patebea of Pre-Cambrian occur 
as in Anglesey, Pembrokeshire, tbe Longmynd of Shropshire, the 
Malvern Hills, Lillesball, Burnt Green, the Lickey Hills and near 
Nuneaton (Pig. 50). Those in England are of the volcanic fades and 
are tenned Uricooian and rham ian, with tbe exception of (he Long- 
mynd which consists of nearly 30,000 ft of sedimentary rocks of 
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green, grey and purple shales and flags, and red and purple conglo¬ 
merates. It is clear (hat NW. Scotland was land during Pre^ 
Cambrian times, and this laud extended into Norway. The southern 
limits of the continent of which it formed a part are uncertain, but 
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appears to have included the Longmynd. The Pre-Cambrian 
represents a period of 1,000 to 1,500 million years with an uncon¬ 
formity between the Lewislaa and the Torridonian representing an 
enormous time mterval and several periods of intense earth-move¬ 
ment Elsewhere than in the Brld^ Isles, the Pre-Cambrian is 
characterized by the richness of its mineral deposits. 
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Tbc CambriaD, Ordovician and Silurian Systems 

It is convenient to consider together these three systems, com¬ 
prising the Lower Palaeozoic some 200 to 300 miles in width running 
across Britain from SW, to NE. to Scandinavia (Fig. 50), with local, 
minor unconformities through crustal warping, deposition to a total 
thickness of some 40,000 ft, took place. At the beginning, in the 
Cambrian, the NW. coast of Scotland formed the shore of a second 
ocean related to North America, but this shifted to the NW, in 
Ordovician times. The deposits differ in having calcareous rocks in 
the succession. The Cambrian marks the beginning of the fossil 
record and as most of the families of animals, except the vertebrates, 
were represented and development had already progressed con¬ 
siderably, it is thought that more primitive forms must have devel¬ 
oped In the sea under conditions inimical to fossil preservation. 

The Cambrian lies unconformebly on the Pre-Cambrian and in the 
same localities—North and South Wales, Shropshire, the Malverns, 
Nuneaton, the Lakes and the NW. Highlands. The Cambrian 
consists of sandstones and shales often converted to quartzites and 
slates by dynamic metamorphism associated with the Caledonian 
orogenic movement which ori^ated in Scotland in Silurian times, 
reached a peak in the Devonian and died out in Carboniferous times. 
It folded, crushed and thrust the rocks of the geosyncline and piled 
them up in such a manner as to have great subsequent influence on 
the structure of the British Isles. 

The base has grits and conglomerates indicating deposition near 
the shores on each side of the gulf and as this widened later, th^ are 
succeeded by mud-belt deposits. Four main divisions of the Cam¬ 
brian are associated with main groups of the characteristic fossil, 
the trilobite, a crustacean, Oltnellus (Fig. 51), Paredoxidss, Oltnus 
and Shumardia, the latter being sometimes included with the 
Ordovician. In the region in which the exposure is most extensive 
the succession is (o) Lower Harlech beds consisting of grits and shales 
(b) the Upper Harlech and Menevlan Beds, also griu and slates (e) 
the Ungula flags consisting of flags and slates (d) the topai 08 t--the 
Tremadoc Slates. 

The Cambrian system was terminated by uplifting and gentle 
folding marking the unconformity between this and the next system, 
tbe Ordovician, so called after an ancient Celtic tribe, the Ocdovices 
who inhabited the region of Bast Wales and Shropshire in which the 
typical exposure occurs. The system is characterized by evidence of 
much submarine volcanic activity as shown by lavas, ashes and tuffs 
interbedded with shelly, sandy and calcareous marine deposits 
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containing brachiopods and trilobiles and witK slates and shales con- 
tuning graploUtes (Fig. 52). The three types of rock, volcanic, 
shelly and grtptolytic, occur simultaneously, the type of deposit 
depending on the proximity of the shore-line, the shelly near the 
shore from which a plentiful supply cf material from rivers was 
provided and the graptclytic, of finer material, further off-shore, As 
with the Cambrian the thickness of the littoral deposits near the 
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shoreline is considerable amounting to about 10,000 ft as in North 
Wales, while in the axis of the geosyncline the grtptolytic equivalent 
only amounts to about 100 ft as at Moffat. In South Wales the 
system has been divided into five divisions, the Arenig grits and sand¬ 
stones, the Uanvim shales with tufis and lavas, the Llandilian sand¬ 
stones, calcareous dags, black shales or slates with lavas and tulTs, 
Caradocian of tbe same type followed by the Ashgillian (Lake 
District) of sandy limestone followed by blue-grey and greenish 
shales. As well as in the type area Ordovician ro^ are exposed in 
the Snowdon synclice in North Wales, in Shropshire and ia the Lake 
District. They include also lavas (andesites and rhyolites), asb^ and 
volcanic a^lomerates, amounting to thousands of feet, as seen in tbe 
Borrowdale Beds, the Southern Uplands of Scotland, in a narrow 
belt near Belfast Lough and in a few other small exposures in Ireland 
and a small exposure in ComwaU. 

The Ordovician is succeeded by the Silurian composed of a similar 
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series of rocks divisible again into shelly and graptolytic shale cypea. 
The fonner contains thicker and more pronouoc^ calcareous rocks, 
as in the Wenlock limestone, but the distinction between the two 
phases is less marked than in the Ordovician. Towards the end of 
the system the red upper deposits of the Dowotonian usher in the 
terrestrial deposits of the Old Red Sandstone, indicating that the 
geosyncline was filling up» although south of the Bristol Channel 
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marine conditions persisted during (be contemporaneous Devonian 
system. 

In the shelly deposits the fossils are chiefly brachiopods, (rilobites, 
corals and crinoids. QraptoUtes are common in the shales and the 
system has been »ned into over twenty grapiolitc zones. The main 
lithological divisions arc only four— 

DowntCB Orey and Red Saodstonee 

Ludlow Mudstones and shake 

Waolock Oriu and shales with UmsatoiMS 

Llandoveiy Beds of shelly beda with bmehiopods and shaks with graploLtsa 

GraptoUtes become extinct in the Downton sandy beds, and 
vertebrates appear for the first time in the form of fishes in the 
Ludlow series. 

The principal outcrops of the Silurian are in North Wales and the 
Welsh Orders vrith inliers in the South Staffordshire coalfield, the 
southern portion of the Lake District, the southern portion of the 
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Southern Uplands of Scotland, and in Ireland in the west, nortli and 
the east. As with the Ordovician the thickest deposits are on the 
shore lines of the geosyncline, (he northern shore being north of the 
Southern Uplands of Scotland and the southern through South and 
Central Wales and the Welsh borders, while along the axis of the 
geosyncline through Moffat the shales are thin until, near the end of 
the system, sedimentation shifted to the centre of (he trough where 
coarse grits und sandstones were deposited with brackish-water 
fossils in the Upper Downion phase. 

The Lower Palaeozoic, comprising the Cambrian. Ordovician and 
Silurian systems, lasted for a period of some ISO million years. 

The Old Red Sandstone and Devonian System 

In the preceding era deposition of sediments, though extremely 
variable in thickness and dependent upon proximity to a shore-line, 
extended over a considerable portion of the British Isles. In con¬ 
trast the deposition during this system was partly murine (the 
Devonian) and partly terrestrial (the Old Red Sandstone) and in the 
latter was discontinuous and occurred in semi»orld conditions in 
which periodic torrential rains scoured rock waste from high ground 
and spread it out in vast fans over the flat lowlands and in steep-sided 
rift valleys. 

The marine phase, the Devonian, was laid down south of a shore¬ 
line extending east and west from the Bristol Channel, and consists 
of dull-coloured undstones, slates and limestones of evident marine 
origin with a fauna of brachiopods, trilobites and corals. They are 
exposed in Cornwall, South Devon, in North Devon and West 
Somerset; and are divisible into the Lower Devonian series of slates 
and grits with some inierbedded volcanic rocks, the Middle Devonian 
also of slates with fewer grits, but many more interbedded volcanic 
tuJTs and a considerable thickness of limestones, the Upper Devonian 
of massive, grey limestones, and red slates. The Devonian forms a 
synclinorium of Armorican origin with the axis running east and 
west through the London area. Though overlain by newer deposits 
except on the flanks, its presence has been proved under the London 
Basin by deep bores and it continues into France and Belgium where 
exposure again takes place. The Old Red Sandstone, on the other 
hand, consists of bristly-coloured red and brown sandstones and 
marls with plant remains, ferns and lyccpods. and primitive fishes— 
some of which were air-breathing as well as gill-breathing—which 
lived in the transient lakes of the intermontaoe basins. The rocks 
therefore are of terrestrial or fresh-water ori^n and the continent on 
which (hey were laid down would appear to stretch to the north of 
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the Bristol Channel Those in the lower division of the Old Red 
Sandstone of South Wales and the Welsh Borders appear to have 
been laid down under shallow marine conditions and still further 
north, under deltaic conditions. These were followed by an uplift 
produced by the Caledonian upheaval during which the Middle 
division of the Old Red Sandstone was not deposited, producing a 
non-setjuence, followed by sandstones of the Upper Old Red Sand¬ 
stone with fish remains and fresh-water fossils. This continent 
included the Baltic. Spiiabergen and Greenland and must have 
extended over a wide area. In the Orkneys and Shellands the fresh¬ 
water flagstones and shales with slight traces of volcanic activity 
indicate the existence of a large lake or inland sea in this area. In 
the north of England several small patches of red conglomerates 
occur in Yorkshire. Westmorland and Cumberland. In Scotland 
exposures of large extent occur in the Cheviots, the Midland Valley 
(Forth and Clyde) and in Argyll. As in Wales, the Middle division 
is absent and the non-sequence is marked by a pronounced uncon¬ 
formity between the Lower and Upper divisions. The Midland 
Valley was a steep-sided rift valley bounded by faults and filled up by 
red lerrestrlil deposits from the region of the Highlands on the north 
bank and the Southern Uplands on the south. Volcanic activity is 
very strongly marked by oUvInc-basalu, basalts and andesites with a 
widespread development of dykes and sills. The Lower Division 
here peached its maximum dcvelcpmeni and accumulated to a thick¬ 
ness of 20,000 ft of sandstones, flags, marls, grits end thick con- 
glcmeratei and pebble beds. The Upper Division ii «mpored of 
similar rocks which attain a maximum thickness of 3,000 ft with rio 
volcanic rocks. In Ireland the Old Red Sandstone was deposited in 
two 2 ones representing continuations of the Welsh deposits in 
Munster and of the Scottish deposits in Tyrone and Fermagh. 

The Old Red Sandstone period is of great importance through the 
development of the climax of the Caledonian Earih Movement or 
Revolution. The overthrusts of the Scottish Highlands and Norway 
and the development of the folding of the Uwer PalaeoMic r«ks of 
Scotland, the Lake District and North Wales along NE.-SW. axes, 
accompanied by volcanoes end intrusions occurred in this peni^. 
Granite masses were intruded in Caithness and Sutherland, in the 
Aberdeen region, in the Western Highlands at Moor, 

Ballachulish and Ben Nevis, in the Ukes at Shap, Skiddaw and 
Eskdale and in Donegal, Sligo, Mayo, Galway and Uinsler m 
Ireland. The lavas of the Ochil and Sidlaw Hills, Edinburgh and the 
Cheviots represent the extrusive, volcanic phase which continued into 
the next period, the Carboniferous. 
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The Oevooian &nd Old Red Sandstone is in many places con¬ 
formable with the Silurian below and passes up conformably into 
the Carboniferous above in South Vi'ales, the Bristol area and in 
Scotland. 

QuesnoNS 

1. Give lome acceunc of the uee of fossils in Ceiermining the age of rocks. 

2. Construct a table showing the main eru end periods of the suceasslon of 
strata in the British Islee. 

i. What do you understand by a ‘‘continental shield*'? 

4. Write an account of (o) Tne Silurian Rocks of Wales, iP) The Devonian 
Rocks of the South of England. 


CHAPTER VI 


THE CARBONIFEROUS SYSTEM 

This system is of great importance to the British coal-raloing engineer 
as it contains in the upper division the Coal Measures, the most 
important source of coal in these islands although coal in seams of 
workable thickness is found in both older and commonly in newer 
systems in other parts of the world. 

The Carboniferous is generally divided into two divisions—the 
Lower Carboniferous (Dinantian) and the Upper Carbonifbrous, 
with the division line fixed by fossil content The more customary 
division in this country is into Coal Measures, Millstone Grit and 
Carboniferous or Mounts Limestone, in descending order. 

THE LOWER CARBONIFEROUS 
The characteristic rocks of the Lower Carboniferous are those 
organically formed (from corals, crinolds (Pig. 53) and braehiopods) 
and those chemic^ly precipitated limestones deposited in the 
relatively shallow waters of the southern Pennine area in lagoon 
conditions, south of the deltaic conditions existing in Northumbe> 
land and ^tland, fringing the northern land»mus of the Old Red 
Sandstone period, in which sandstones, shales and coal seams were 
laid down. The marine conditions of the Devonian Period continued 
below the Bristol Channel during the Carboniferous Period and in 
Devonshire radiolarian cherts, calcareous shales, black limestone 
and impure coal, known as culm, are to be found. The Upper part 
of the measures containing these culm bands probably corresponds 
with part of the Upper Carboniferous elsewhere, the remaining 
rocks are of the Lower Carboniferous. 

In the Bristol area and in South Wales the Lower Carbon^erous is 
composed in ascending order of shales, limestones, shales, limestones, 
shales and finally Millstone Grit. It decreases iu thickness to the 
north thinning out against an ancient island belt or ridge of land, 
known as St. George's Land (Figs. 54 and 55), wluch remained land 
during Lower Carboniferous times so that the Upper Carboniferous 
in parts of the South Staffordshire and Warwickshire Coalfields rests 
directly on SUurian or older rocks. 

On the other side of the ridge, the Lower Carboniferous in¬ 
creases rapidly in thickness to the north and reaches its maximum 
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knowQ &8 "toadstones'* and the mineraltzatioa of this area, with lead 
and Guorspar as economic producta^ has already been remarked. 

Above the limestone come the Limestone Shales. Korth of the 
Peak district of Derbyshire, Millstone Grit, lenerally grouped with 
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ihe Upper Carboniferous, covers the Lower Carboniferous but it 
reappears in the region of the Craven Fault and is exposed to the 
Scottish Border. The base is formed of the Great Scar Limestone 
with the Yoredale Beds, consisting of alternations of limestones, 



shales and sandstones repeated in that order again and again. A 
dolerite sill, the Great Whin Sill, has been intruded over an area of 
some 1,500 squam miles of KorthumberUod, Durham, Yorkshire, 
Westmorland and Cumberland. It transgresses the beds of the 
Lower Carboniferous and attains a maximum thickness of 150 ft. 
It is quarried for roadstoce at Sunhope, County Durham. 

Further north the Lower Carboniferous becomes less calcareous 
and consists mainly of sandstones and siltstooes with workable coal 
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seams exploited in Teesdale and at SeremersCon in Northumberland. 
In Cumlwland the succession consists of seven beds of limestones 
followed by shales, grits and subsidiary limestones. The Lower 
series oont^os the haematite replacement deposits. 

The Lower Carboniferous of Northumberland is divided into the 
lower or Tuedian series and an upper Bernicjan series as follows-- 

fiBXNictiUJ: hfpper Bernidan (Calcareous Croup) of sandstones and shales, 
shallow marine luTMatoma and coals, from I.OOO to 4,000 ft. Low«r Bamirion 
(Carbonaceous Croup) of sandstonu and shales, thin caleartous beds and 
imny ee^ (Pluhetts Group In the south and Seremersion Croup in the north), 
from 800-1,soon. 

TirtouNt Pall EandHones of thick undstenei and ilul«a. from 600>2.000 h. 
Camentalone Croup of ihalai and undstonM, cacnentitonM and dolomille lima* 
itonas from 50O-S.OO0 h. 
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The exposure terminates st Berwick. 

In Scotland the Lower Carboniferous rocks reappear in the 
Central Valley in which they restcomformably ori the 0\’d Red Sand¬ 
stone. The Lower Carboniferoiu occupies the centre of the syncHne 
between the parallel outcrops of the Old Red Sandstone. As this 
region fringed a northern land mass limestones are much thinner 
thafi in the English Midlands but volcanic rocks, chiefly basalts, have 
spread over large areas. The area was slowly subsiding. 

The succession is as follows, in desceodiag order— 


Carboniferous Limstone Series 
Calciftrous Sandstone Series 


K r Limestone Croup 

c Limestone Group with Edge Coals 
(Oil Shale Croup 
\CememsioM Croup 


The Cementstones consist of an alteration of shales and impure 
dolomitic limestones such as would be deposited in inland seas and 
lakes subject to dryiog-up. On burning they provide a fairly good 
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cement and contain a few fresh water fossUs althou^ conditions 
would not be favourable to a flourishing fauna. 

The Oil Shales consist of Ane black or dark>brown muds and silts 
impregnated with organic and carbonaceous material of both plant 
and animal origin, which when subjected to high-temperature 
distillation with steam gives crude oil which on further fractional 
distillation produces lighting, lubricating and cleansing oils and 
ammonium sulphate. At the end of the Caloiferous Sandstone period 
subsidence was accelerated and submergence converted the area from 
one of lacustrine deposition to shallow marine conditioos. The 



Pio. S6. A PCMlb Baachiokd, FrfithKius iifantus (Makttn) 

PWB Itrmwm •r JJinieltsn. R WkM; aiH'UM tMianI We. 

lower Limestone group consists at first of shales and limestones with 
a few thin coals but the upper portion, after the central area had been 
silted up, consists of alternations of sandstones, shales, fireclays, 
ironstones and the important Edge coals of Midlothian, including 
the most important of the Scottish coal seams. 

The Upper Limestone Group consists of sandstones, limestones 
snd a few thin coals. 

In Ireland the exposure of Lower Carboniferous rocks is very 
extensive and shows a similar transition from marine to lacustrine 
and deltaic conditions from south to north encountered in Great 
Britain. In Antrim ten bituminous and anthracitic coal seams, and 
three black-band ironstones, occur in a syncline at Ballycastle. 

The fossil content of the Lower Carboniferous is rich and impor¬ 
tant. Of the brachiopods Proihcius is characteristic (Fig. 56), but 
lamellibranchs and gasteropods are plentiful. Cephalopods include 
Orihoceras and Gonlatlies, Glyphicaroj and the surviving trilobites, 
including Philllpsia, make their last appearance. The first amphibians, 
Labyrinthodonts, make their initial appearance in the Lowes 
Carboniferous. 
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THE UPPER C/^RBON[FEROUS AND THE COALFIELDS 
The Upper Carboniferous is comprised chiefly of sandstones, shales 
and coal seams. The rocks arc mainly cf ierreslrial or fresh-waier 
origin, but marine bands, marking incursions of the sea, are fairly 
common. 

The Armorican-Hcrcynian folding which occurred during Permo- 
Carboniferous times and in which the axes of the folding was in an 
east-to-west direction in the Midlands from pressure to the south, 
and north and south in the northern Pennine Uplift, due to pressure 
from the east, is responsible for the preservation of the Upper 
Carboniferous rocks in the synelines. or more properly ''basins." 
in which they, and particularly the coalfields, now occur. These 
basins of Upper Carboniferous rocks occur in ( 0 ) The Devon 
syncline, (b) The Armorican group comprising the South Wnfes, 
Somerset and Gloucestershire Coalfields and the eoneealed (covered 
by later rocks) Dover Coalfield, (e) The Midland group including the 
South Staffordshire. Warwickshire and Leicestershire Coalfields, 
(d) The Northern group comprising the Derbyshire, Nottingham¬ 
shire and Yorkshire, the North Staffordshire, North Wales. Lanca¬ 
shire and Cumberland and the Durham and Northumberland eoal- 
fields, (e) The Scottish group. (/)The Irish group of relatively small 
patches including a southern exposure in Clare, Limerick and Kerry, 
the Leinster basin and several small basins in Leitrim and Tyrone. 

The termination of the Lower Carboniferous was marked by a 
somewhat abrupt change In conditions. An extensive uplift occurred 
with a renewal of active erosion on the newly-emerged land surfaces, 
and rejuvenation of river systems. Coarse, thick-bedded, massive 
grit banks were laid down under deltaic conditions interbedded with 
much shale, giving the Millstone Grit which reaches its maximum 
development in Derbyshire, a thickness of 3.000 ft. Felspar pebbles 
in the Grit are characteristic. The edges 01 escarpments of the d^lTe^ 
ent bands of Millstone Grit, for example the Klnderscout Grit in the 
middle and the Rough Rock at the top, give rise to the rugged moor¬ 
land scenery associated with the Derbyshire Moors of the Peak 
District. Subsidence at a greater rate than sedimentation allowed the 
deposition of muds in shallow-water conditions, sometimes estuarine 
but mainly marine, which have since hardened to tbe shales of which 
(here is a high proportion in the Millstone Grit fomation. This 
was succeed^ by the true Coal Measures period, duriog which 
general subsidence took place, but In a series of rhythmic stages, with 
pauses duriog which the Coal Measure forests flourished. Each 
pause was terminated by a rather sudden renewal of subsidence, 
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Lower Cost Measure times, fisnds of shale and limestoae were 
deposited during these interludes, known as marine bands, and in 
these marine fossils occur which render the bands of great importance 
in the correlation of the di(Tereat coal seams. In the Middle Coal 
Measures these invasions become increasingly rare, and the domin¬ 
ant animal fossils used for correlation are the so-called “mussel 
bands" of fresh*water lamellibranehs. Occasionally fish and amphi¬ 
bia are also encountered. 

In the Upper Coal Measures, continental conditioos became 
established through uplifting and folding. The area became con¬ 
verted to a series of land-lc^ed basins; semi-arid climatic condi¬ 
tions prevailed, producing red and green-coloured rocks containing 
iron peroxide colouring matter, and the Coal Measure forests ceased 
to flourish except in the Radsiock area. Although a variation in the 
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during which the binds and shales forming the roofs of the coal seams 
were deposited, this being followed in turn by subsidence at a reduced 
rate which allowed silting up by sandy debits to occur, forming 
deltaic swamps on which Coal Measure forests again flourished 
(Fig. 57), Clay-ironstones are also frequent. 

This cyclic sedimentation was occasionally interrupted by marine 
incursions, which occurred over large areas, particularly during 
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Upper Carboniferous succeaaion occurs from north to south, as in 
the Lower Carboniferous, so that the same type of sediment, or some 
fades, occurs at different horizons in the succession, there was not a 
continuous migration of maximum coai-formaiion conditions south* 
wards, from the Lower Carboniferous in Scotland, through the 
middle of the Upper Carboniferous in northern England to the 
higher divisions in central and southern England. 

It is now considered that the Lower Carboniferous coal measure 
facies in Scotland was an isolated occurrence and the greatest 
concentration of workable coal seams occurred in the Middle Coal 
Measures in all the more important coaif elds, during which period 
uniform conditions must have existed over a wide area. This period 
would appear to have been terminated by an incursion of the sea 
marked 1^ the important marine band known as the Mansfield 
Marine Band in the East Pennine Coalfields, but with equivalents in 
other fields. In many fields the number of workable seams above 
this band is not large. 

The generally accepted succession, on the coalfields, is divided into 
four series, in descending order— 

Upper Coal Meuurai 
Middle Coei Meuures 
Lower Coal Meaaurei 
Millstone Orit 

Although this may suffice lithologically, fossil zoning indicates that it 
cannot be accepted in time, as in certain cases the Millstone Orit 
contains Coal Measure fossils. The lamellibranchs are used for 
purposes of accurate division into seven zones and plant remains 
have been used to divide the Upper Carboniferous again into four 
divisions, in descending order— 

lUdstockisn 
Staff ordian 
YorkUn 
Lanarkfan 

These do not, however, always correspond with the practical coal* 
field subdivisicn previously mentioned. The Millstone Grit is some* 
times called Lancastrian owing to its thickness in that county. 

In order to visualize the types of Coal Measure plants which 
contributed to the formation of coal seams it is necessary to com* 
mence with a deltaic or estuarine area from which the sea has been 
excluded by mud or sand^banks resulting in brackish or freshwater 
conditions. Under these condidona water*loving plants with the 
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roots and base of tbe trunks subme^sd would make an initial 
appearance on the sUty banks. These would be of the Calamites and 
Sigillarian types, and would provide humus and condition the soil 
for a richer type such as the giant Lycopods, Lepfdodendron, Bothro- 
dendron and Wodendron. On the remains of these fem-Hke plants 
formed a thick undergrowth. These inchided NturopteriSs Mariop- 
tfris, and true ferns including Borrycpteris and AsUrotheca. 

As the peaty layer produced by the dismlcgration 
of the vegetation increased in depth, further change 
in conditions of drainage and depth of soil would 
take place resulting in changes in plant species. 
This is reflected in the banded composition of the 
majority of seams, which often have a dull soft 
band at the bottom with much finely comminuted 
plant debris, followed by bright coal with larger 
fragments of bark and with spores. The top por> 
tion is again dull eoal, often full of megaspores, 
microspores and plant fructifications, Above the 
seam proper bands of highly carbonaceous shales, 
''batls/’ or impure coals with high ash content and 
perhaps sapropelic coals (or cannel coals) indicate 
the renewal of subsidence and the deposition of the 
muds which form the roof of the coal seam. 

The following are some of the common plants of 
Coal Measure Age~ 

Pierid9if«nii^L^^r«rif, Ptcefftfls, AUihapferlf, 
Cd/lprtfh, MQrhpitrlg and Nturcpttfh (Pig. $S), 
AnkuUica^Cai^rM (Fig. and SphenophyUum. 
Ljeopods— Stgfttarle, Vtedendrpn, Je/A* 
rodtndrpn and (Roots) in the SMt^rihs or 

clundua below the seam (Fir. $0). 

Perns—PeoroAlitf, Attrroinree, BoitycpitrU and Bpiry- 
ccylon. 

QymnotpiTmt—Cerdeifee, DtowUes, Wakhkt (Coni* 
fbrous). 

The character of the Upper Carboniferous in the areas io which 
exposures exist are as follows— 

The Devon Basin is characterized by the occurrence of a soft coal 
known as ^'Culm." in a succession composed of dark grey and 
greenish shales vAlh sandstones, grits and thin limestones, ne lower 
part of the succession, Lanarkian and lower Yorkian, appears to be 
represeoted. 

The Aimoricaa group extends from the Rubx Coalfield of Ger¬ 
many, through the Pas^e*CaJai$ Coalfield in the Netherlands and 
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northern France> across England from Dover to Wales and on into 
the Munster and Leinster CoaJfields of Ireland. 

Folding with east-to^west axes is intense in the Ruhr and PaS'de- 
Calais Coalfields (Fig. 61), overfolding is common, and repetition of 
seams as many as five times due to foMiog occurs in Belgium, where 
Devonian and Lower Carboniferous rocks are thrust over the Lidge 
and Kamur Coalfield. By similar thrusting from the Mendips, 
Carboniferous Limestone has been pushed over the Radstock 
Coalfield. 

In South Wales the ‘'rank” of the coals increases from east to west, 
that is their volatile constituents decrease and the coals change in 
character from bituminous through steam coals to anthracites. The 
base of the Millstone Grit is marked by a massive sandstone known 
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as the Farewell Rock, and the Middle Coal Measures contain the 
Pennant Sandstone Series, which has its counterpart in the arenaceous 
development near the same horizon in the Forest of Dean and Bristol 
and Somerset Coalfields. In the former area the Coal Measures are 
Staffordian and Radstocklan only. Tbe concealed Dover Coalfield, 
the only true concealed coalfield in the British Isles, has the Coal 
Measures buried to a depth of 1,000 the thickness reaching 
2,800 ft in the centre thinning out tovrards the edges of the basin. 
The rocks belong to the Upper SialTordian and Radsiockian 
divisions. 

The Midland Coalfields of South StafFordshiie, Warwickshire and 
Leicestershire, owing to their occupying part of the site of SC. 
Oeorgs*! Land (Fig. 54), which was not submerged during Lower 
Carboniferous times, are rather unique in that the Upper Carboni¬ 
ferous lies directly on Pre-Carboniferous rocks. Much of the area is 
partly concealed by New Red Sandstone. The barren red measures 
of the upper division are well developed. Both the Warwickshire 
and the South Staffordshire Coalfields have local, thick seams, 20 and 
30 It in thickness respectively, which are produced by thinning of 
intermediate dirt bands between the separate layers wiuch elsewhere 
increase in thickness to give five and seven distinct seams itx the 
respective areas. An explanation of tbe formation of split seams will 
be given io a later chapter. 
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The Aimorican Group of Coalfields 
The concealed Dover or East Kent Coalfield lying below 
Tertiary, Cretaceous, and Jurassic rocks (Fig. 62), on the NB. comer 
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of Che Weald links up with the Continental Coalfields and includes 
an undersea extension to the east of unknown area, conservatively 
estimated at fifty square miles. The landward field is some 200 
square miles in extent and stretches from a boundary running NW. 
through Ramsgate to a similar boundary through Folkestone, 
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though between lines running NW. through Dover and Folkestone 
lies an area of some fifty square miles where, although Coal Measures 
are present, the occurrence of commercially workable seams has 
not yet been proved. The coalfield extends fifteen miles inland NW. 
from the coast. Although conjectured in the ISSO's the existence of 
the field was not definitely established until 1890 and it has since had 
a chequered career, quite a number of sinkings through the heavily 
watered chalk and Oolite sands being abandoned. 

The coalfield lies in a deep basin with its axis running in o NW.- 
S£. direction, the deepest point 3,850 ft below O.D. occurring at 
Guildford. Jn addition to the Coal Measures, Jurassic ironstones, 
containing about 30 per cent of iron, are present over sn area of 
sixty square miles. The seams crop out under the newer rocks in u 
ho^l^$hoe concentric form with the seaward end open. The seams 
occur in two belts separated by up to 800 ft of relatively barren strata. 
The Upper, sandstone, division 2,100 ft in thickness in the centre of 
the basin contains six seams including, in descending order, the 
Beresford. the SnowdownHard and the Betteshanger F or Millyard 
Seam at the bottom below which is a marine band which separates 
the two divisions. The Lower, shale, division is 700 ft in thickness 
and contains eight seams rather thicker than those of the upper 
division. Many of the total of fourteen seams are known only from 
cores obtained in boring, so that their thickness and qualities are not 
yet accurately known. The coals obey Hilts’ Law and volatile matter 
content decreases with depth but all seams increase in volatile 
content to the north-west by as much as 17 per cent. The coals there¬ 
fore rank from seml-enthracitic and coking coals to high volatile 
gu coals. They are generally friable but of high calorific value. 

Ths Bristol and Somerset Coalpibld. The six detached areas of 
Coal Measures which form this coalfield form an equilateral tri- 
engulir-shaped area bounded on the south by the ridge of Carboni¬ 
ferous Limestone and older rocks of the Mendips, the Jurassic 
escarpment of the Cotswolds and on the west by the Severn (Fig. 63, 
boiiom). Extending from Cromball in the north to the slopes of the 
Mendips in the south, some twenty-six miles, and from Nailsea to 
Bath, a distance of twenty-four miles, the exposed coalfield eovers 
seventy square miles but three times that area is concealed beneath 
praeticaUy horizontal Mesozoic rocks, of no great thickness in the 
coalfield area, consisting of Triassic and Jurassic strata. The Coal 
Measures are steeply inclined and faulted with overthrusUng and in¬ 
version and are divided Into separate basins. The main portion of the 
field consists of a complex basin with Coal Measures outcropping all 
round the edges on the west and south-east under newer rocks and on 
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the south and north-oast at surface, The Kingswood Anticline run¬ 
ning E and W. divides the field into the northern, Coalpit Heath, 
area and the southern, Radstock, area, the latter with the Farm- 
borough Fault across the middle, and in this region the full succession 
of Coal Measures is present. On the west of the main portion are 
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several detached areas the most important being the Nailsea basin 
consjiiing of a western Etching syncline, exposed to the cast. Con¬ 
cealed extensions of the coalfield may exist north and south of the 
Mendips. 

The Coal Measures which are productive in the Upper Coal 
Measures, Radstock Series, and possibly correlate with the lower 
part of the Stephanian of the Continent and the Keeic Beds of the 
Midlands Coalfields, consist of two series of productive measuw 
with a thick barren arenaceous facies between, the Pennant Scries 
(Fig. 64). 









94 


OEOLOOICAL ASPECTS OF MINING 


Re&tmg OD Millstone Grit the suecession consists of— 

( lUdstock Group 1 ,000 ft 
Barren Red Group 500 to TOO ft 
Farnfigton Croup 700 ft 

Pennant Sariea>^(talnmg a thicknees of 2,000 to 2,500 ft 

1.500 ft thick 

Low Coal Series (vobster Croup 1.500 ft thick 
MiUatoTM Grit 


w 



Pio. 64. Section or Bai>TOL COAinitD in DiascnoH 4-B. Pio. 65 
tiJa. 1 niie) 


The Lower CoftI Series, which contains the better seams, has eight 
seams in the Vobster Group and eighteen in the New Rock Group; 
the Pennant Group has ten seams In the Farrington Series separated 
by 500 ft of barren measures from six seams in the Radstock group 
above. 
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Most of the seams are thin, often less than 24 in, in thickness, but 
are of good quality with carbon content between 84 and 90 per cent 
and volatile matter content between 40 and 22 per cenL so that many 
of the seams are high-rank coking coals. 

THE Forest of Dean Coalfield (2, Figs. 63 and 65), often 
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regarded as an outlier of the South Wales Coalfield, consists of a 
basin of Coal Measures resting unconformaWy on older strata 
consisting of Old Red Sandstone on which lies conformably Lower 
Carboniferous Limestones containing brown Haematites. The field, 
lying in a deformed hollow in the Old Red Sandstone between the 
rivers Wye and Severn, extends over tbirty-four square miles from 
Milcheldean in the north to Lydney in the south, a distance of ten 
miles, with a breadth of about six miles between Coleford and 
Cinderford. 

The coalfield is unique in its ancient mining customs in that the 
righw of mining “gales” from the Crown can only be granted in the 
first instance to all male persons born and abiding in the Hundred of 
St. Briavels and these rights were preserved under the Coal Act, 
1938. 

Folding inside the basin along north and south axes has produced 
a flat-bottomed syneline or mam basin flanked on the west by the 
Canoop Fault Belt, downthrowing to the west, followed by the 
Worcester Syncline, and on the east by the Staple-Edge monocline 
downfold log the measures to the west by 700 ft. The Coal Measures 
are nearly flat in the centre of the main basin and dip I in 3 east¬ 
wards on the west flank and westwards on the east flank at 12 to 2 S 
degrees. The sef nu f occur in the Staffordian and Radstockian, Chat 
is higher in the Upper Carboniferous succession than is usual, and 
are divisible into three groups. The TVenchard Group at the base 
is 50 to 400 ft in thickness, with the Coleford High Delf Seam, 
generally 3 ft in. to 5 ft thick, at the top and the Upper and Lower 
Trenchards below which unite in the south to form a single seam 
4 ft d in. in thickness. The next group is the Pennant consisting of 
massive sandstones with shales and a few coals, 600 ft thick in the 
north increasing to 800 ft in the south, including above the main 
seam, the Coleford High Delf, the Whittington, Yorkley, and the 
Brazilly at the top. 

The top or Supra-Pennant Group, consisting of shales, sandstones, 
aud coals, may be subdivided into a lower productive division 300 ft 
in tlwkness with eight workable seams and an upper division 800 ft 
in thickness of which sandstones and thin coals including the 
Woorgreen coals at the top. each 2 ft thick, which are present only 
in the centre of the main l^io. 

The seams in this coalfield are liable to splitting and washouts 
occur in the Pennant and Trcnchard groups but not in the Supra- 
Pennant group. Strict correlation with similarly-named groups of 
strata in the South Wales Coalfield does not obtain- The principal 
seam worked is the Coleford High Delf which varies in character 
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front a medium coking gas coal in the deeper central portion of the 
held to a free-burning coal on the margins. 

The Solhh Wales Coautblo (3. Figs. 63, 66, 67 and 68), by far 
the largest and most important of the Armorican group, like the 
others occupies a synclinal fold, with an east to west axis, sunk in 
Old Red Sandstone and Lower Carboniferous strata (Millstone Grit 
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and Limestones) which form the boundaries of the completely 
exposed held except on the seaward side wheie deep bays cut into 
it at Swansea and Carmarthen, ft extends from Pontypool west¬ 
wards to St. Bride's Bay, a distance of ninety miles and has an average 
width of hfleen miles and a maximum of eighteen miles in Glamor¬ 
ganshire. The Lower Coal Measures are but poorly represented but 
workable seams occur in the Upper Coal Measures, Supra-Pennant 
Series, above the upper portion of the Middle Coal Measures 
represented by Che Pennant group which in the eastern part of the 
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field is barren of workable seams, but with imporiaot coals in the 
upper portion la the west 

The area covered, some 800 square miles, consists of a high plateau 
more than 1,000 ft above O.D. intersected by sleepsided valleys from 
which access is obtained to the deeper co^s beneath the Pennant 
Sandstone forming the plateau. The held is fringed on its northern 
and southern margins by moorland of Pre-Coal Measure Age and 
there is a coastal strip of flat country. Carmarthen Bay divides the 
field into two portions, the main portion to the east and the smaller 
Pembrokeshire field to the west, the latter being much narrower, 
about four miles. 

In the main basin the Lower Coal Series outcrops on the north and 
south, the latter in a narrower strip in which the measures dip 
steeply to the north. On the north and in the centre the dip is more 
moderate and mining conditions are consequently easier. 

Subsidiary folds run east and west along the main basin sometimes 
replaced by faulting, as in the Moel Gilau Fault downChrowing south 
a maximum of 700 yd in the southern portion. A series of normal 
faults generally downthrowing to the west, crosa the field runoiog 
NNB.-SSW. and gradually introduce higher measures to that the 
lower coals are depressed to a depth of 4,000 ft and more in the 
Swansea area. A second series running WSW.-BHE. commences 
with the Vale of Neath disturbance and increases in intensity to the 
west where overthrusting occurs. 

The succession of strata above the Millstone Grit or Farewell Rock 
consists of the Lower Coal Series, oflen subdivided into Lower, 
While Ash, Series and Upper, Red Ash. Series, followed by the 
Pennant, arenaceous, Series with the Supra-Pennant (Upper Coal 
Measures) Series at the top, the whole of the succession increasing 
greatly in thickness from east to west. Most of the output of the 
field comes from the lower portion of the Lower Coal Series. This 
series increases from 750 ft in thickness in the east to 3,000 ft at 
Llanelly, sandstones in particular increasing in thickness. The 
Rhondda No. 2 seam, also named the Tillery and the Ynisarwed, 
marks the summit of the series of which the most important portion 
is the lower containing some twelve seams below and including the 
Two Feel Nine Seam. Splitting and faulting makes correlation of 
seams difficult but the Nine Feet or Rhas Las of North and East 
Glamorgan appears to correspond with the Black Vein of Mon¬ 
mouthshire and the StanQyd and Big Vein of the West. The Upper 
portion of the Lower Coal Series is barren in the eastern district but 
in Glamo^anshire six seams occur including the No. 2 Rhondda at 
the top. The Pennant Series consists mainly of coarse grits without 
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workable seams in the east about 630 ft in thickness increasing 
to 2,700 ft in the west, the thickening being accompanied by the 
development of shales and some half dozen workable coals in the 
upper portion. 

Much of the Supra-Pennant Series has been denuded but patches 
occur varying in thickness from 300 to l»000fi above the Mynyd- 
disiwyn or Swansea Four Feet at the base, correlating with the 
LlantwitNo. 3 Vein of the Rhondda Valley, which contains workable 
seams. 

The remaining portion of the coalfield, in Pembrokeshire, is 
complicated by intense faulting and overthrusting to such an extent 



that Pre-Cambrian and Silurian strata have been carried over the 
Coal Measures. The thrust came from the south in a northerly 
direction and the anthracites have been shattered to small coal or 
**oulm.'* Squeezing out of the middle limb of folds and local thicken¬ 
ing, through the closing of a synclinal fold, produces what is known 
as a "slaidt.” 

The coals, which are all anthracites, belong to the lower half of 
the Lower Coal Series which increases in thickness from east to west 
and the number of seams, mostly thin and less than 2 ft in thickness, 
increases in the same direction to some twenty-two. 

Rank of South Wales’ Coals 

Variation of rank in coals is best illustrated in this cosilfield. The 
lowest rank coals are those in a narrow belt along the eastern and 
southern crops which are bituminous gas coals with volatile matter 
content of 35 per cent or above, the highest rank anthracites in the 
NW. comer of the main coalfield and in Pembrokeshire in which the 
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volatile matter conicni is only 4^ per cant The rate of change of rank 
may be detertnined by plotting the isovoli, lines joining points of 
equal volatile-matter content. The rate of increase of rank is gradual, 
but differs in different pans of the field, being obviously affected by 
the intensity of tectonic action in the vicinity. Thus increase of rank 
in a few miles north of the Gower Peninsula is the same as that which 
occurs in 50 miles from east to north-west. Rank also changes with 
position in the vertical succession, highest rank at the bottom, but 
the vertical range at any point is considerably Jess than the lateral 
range across the coalfield. 

“fte range of carbon content from east to west is from 84 to 94^ 
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per cent and the corresponding types of coal which result from change 
in rank are shown in Fig. 69. 

The Midland Group of Coalfields 

These coalfields fringe the central geosyndine of Coal Measure 
times with its centre at Buxton and, occupying the site of St. George's 
Land of Lower Carboniferous times, the Middle Coal Measures rest 
upon basins in the Pre-Carboniferous rocks arranged radially like 
tbe spokes of a wheel round the geosyndine centre (Fig- 54). The 
rate of depression was as much as five times as great at the hub as 
at the periphery so that the deeper coals of the centre, in the coal¬ 
fields of Yorkshire, North Der^shire, Lancashire, and North 
Staffordshire, are high rank coking coals while in the peripheral 
fields of the Midland Group they are free-burning and grade down 
to sub-bituminous. 

The LacBSTBR and the Soutk Derbyskirb Coalheids (4, Figs. 
63 and 70), lie on each side of an antidinc through Ashby-de-la- 
Zouch pitching in a south-easterly direction, the fields lying in an 
ancient pocket between the Cambrian rocks of Warwickshire and 
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the Pre-Cambrian of Charnwood. Each is ei^t miles in length and 
four miles in width and contains about 1,500 ft in South Derbyshire 
and 700 ft in Leicestershire of Middle Coal Measures with unpn> 
ductive Lower Coal Measures exposed in the anticline between the 
fields. 

The boundary of the Leicestershire Coal held on the east is the 
Thringstone fault, bringing older rocks to the surface. In the west 
the Productive Measures outcrop on the side of the anticline. To 
the north the seams outcrop and to the south they again outcrop but 
under the New fted Sandstone. 

The boundary of the South Derbyshire fteld to the north is by 
turn-up of the seams to outcrop under the New Red Sandstone, on 
the west the boundary is indefinite but faulting is indicated, while on 
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the east the Boothorpe Fault throws down to the west about UOOO ft. 
To the south and west the boundaries are at present indeterminate. 
Upper Coal Measures are present in the Church Gresley area. 

In South Derbyshire the Kilbum Coal, 4-5 ft in thickness, lies at 
the base of the Middle Coal Measures and the main seams exploited 
are the Eureka, 4>5 ft thick, the Stockings, ft. the Woodlield, also 
5-8 ft, the Main Coal, 12-16 ft, the Oick^ Gobbler, 3-4 ft and the 
Ell Coal, 4-9 ft in thickness. 

In the Leicestershire Coalfield the Middle Coal Measures ere only 
about one half the thickness of those of South Derbyshire. The 
Heath End Coal lies at the base, above which are the Roaster Coal. 
2-4 ft, the Lount Coals, the Main Coal, 5-7 ft, the Yard. 2-5 ft and 
the Slate Coal, 4-9 ft in thickness. 

An interesting account of boring to determine the southern limit 
of the field is contained io the Transoclions of the Institution ofMining 
Engineers^ Vol. 104, p. 703 in a paper entitled “Driving of two 
drifts by the Desford Coal Co., Ltd., at Merry Lees" by Butterley 
and Mitchell. The thinning of the limestone and the Millstone Grit 
towards the Charnwood Forest is a feature of this coalOeld (Fig. 71). 



THB CABBONIPEROUS SYSTEM 101 

The coals of this field are free-burning, non^king or very weakly 
caking of relatively low rank. 

The Warwickshirs Coalreld (5. Fig. 63), is separated from that 
of Leicestershire by an aniicline of Cambrian and Pre-Cambri^ 
rocks which are exposed and against which the Coal Measures rise 
sharply. On the west it is separated from the South Staffordshire 
Coalfield by a ridge of Cambrian rocks which outcrop at Dost Hill. 

The coalfield consists of an open syncline with a north to south axis 
twenty-four miles in length from Tam worth to Binicy widening from 
two to seven miles at Nuneaton as it pitches to the south. Upper 
Coal Measures, attaining a thickness of 4.000 ft between Kenilworth 
and Coventry, occupy most of the area of 150 square miles and are 
unproductive except for unworkable thin coals. 

The Carboniferous Limestone, Millstone Orii and Lower Coal 
Measures are absent, the Productive Middle Coal Measures, exposed 
as a narrow fringe on the east and north, 850 ft In thickness in the 
north and thinning to 450 ft in the south at Coventry, rest uncon- 
formably on Cambrian Shales. The Cambrian is traversed by numer¬ 
ous igneous dykes and sills but these do not affect the Coal Measures. 

On the east and west are the Boundary Faults towards which the 
measures rise steeply, but except for small faults, the coalfldd is not 
disturbed except by washouts in the Two Yard end the Thick Coal. 
Some fourteen seams of coal of good thickness are worked between 
the Bench, 2 ft 6 in. to U ft 6 in. In thickness at the base, and the Four 
Feet, 2 ft I in. to 4 ft 10 in. thick, at the top. From Stock i ngford to the 
south and west the Slate Coal, 6 ft 4 in., the Eli, 3 ft 3 in,, the Ryder 
5 ft 5 in., the Bare, 2 ft, and the Two Yard at the top, 6 ft, separated 
only by narrow dirt partings unite to ^ve the composite Thtck Coal 
or Hawkesbury Seam from 18 to 24 ft in thickness. 

The eastern limit of the coalfield under the New Red Sandstone, 
east of the Eastern Boundary fault, ii not known and the Coal 
Measures may be absent or present only in smaQ pockets, while 
elsewhere the Trias restt on Pre-Coal Measures rocks. On the west 
the Coal Measures will be deep, if present, west of the Western 
Boundary Fault. To the south reserves should be large in the Cov¬ 
entry area but water may be expected in sinkings from the sand¬ 
stones of the Upper Coal Measures and cementation methods wiL 
probably be requited as at Coventry Colliery- The coals of 
field are also very weakly or non-caking and have a high reputation 
as free-burning house coals. 

The South Staffordshjrb CoALFreLO (6, Fig. 63), is a flat-topped 
ridge or plateau of Carboniferous rocks, twenty miles in iCTgth, wth 
a north and south axis and from four to eight miles in width, tilted 
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towards the south and rippled by minor folds impressed posthu* 
mously on older folding. On the east, separated from the coalfield 
by the Eastern Boundary Fault dowoihrowing to the east and bring* 
ing Upper Coal Measures and Trias opposite the Middle Coal 
Measures, is a steep-sided syncline in the Trias several thousand feet 
in depth. On the west also a Boundary Fault brings red Upper Coal 
Measures and Trias opposite tlie Coal Measures. The coalfield 
extends under the Trias cover both east and west of the Boundary 
Faults but the extent of these concealed fields is as yet indeterminate, 
Thin beds of Carboniferous Umestone and Millstone Grit have 
been found by boring to the north of the coalfield but this elsewhere 
lies on a floor of Silurian rocks which an anticline at Dudley and 
Sedgley, running NW.-SE.. brings to the surftce and igneous 
intrusions occur along the same line. 

The coalfield is divided Into two portions by the Bentley Faults 
running east and west through Walsall, the northern portion being 
known as the Cannock Chase Coalfleld. 

In this portion of the field the Coal Measures dip to the west and 
this is accentuated by faults downthrowing to the west. The Middle 
Coal Measures atuin a thickness of2,000 ft in the north and contain 
fourteen seams, mostly exceeding 5 il In thickness. Near the bottom 
the Deep, Shallow, binder and Bass seams often occur in close 
proximity. 

In the southern portion the Middle Coal Measures are thinner 
increasing from dOO fl in the south in a northerly diiection. Snags 
of Silurian rock rise through the Coal Measures. Eight seams have 
been worked, including the Thick Coal from 18 to 30 ft In thickness, 
but this portion of the exposed field has been largely exhausted and 
has become waterlogged but working continues in the concealed 
areas to the east and west. 

The Upper Coal Measures, similar in character to those of North 
StafTordshire and Warwickshire and barren of coal, outcrop along 
the western boundaiy and in the centre of the exposed Cannock 
Chase portion of the field. Upper Coal Meesu res are also exposed on 
the eastern, western and southern margins in the southern portion of 
the coalfield, faulted in by Boundary fhults, but are conformable 
with the Middle Coal Measures. In all some 3,500 ft of red Upper 
Coal Measures are present. 

The coals are again of the high volatile type, weakly or non¬ 
caking. 

The FoRfirr of Wyrb Coalfeld (9, Fig. 63), is a further example 
of a patch of Coal Measures filling up a hollow in the eroded surface 
of Pre-Carbooiferous rocks. It extends south of Bridgnorth, down 
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the Severn Valley aod occupies some hfty square miles. The northern 
boundary consists of an anticline where the Upper Coal Measures, 
which are continuous into the neighbouring coalfield of Coalbrook< 
dale, rest directly upon Pre*CarboDiferous rocks. On the west and 
south outcrops of Old Red Sandstone strata terminates the Coal 
Measures, but on the east, towards which the Coal Measures are 
inclined, the measures pass beneath barren Upper Coal Measures. 
The coals in the Productive Measures are divided into two groups, 
an upper Sulphur or Higbley series containing four relatively thin 
seams, including tlie Main Coal 5 ft in thickness and the Hard Coal, 
and u lower Sweet or Kinlel series with four seams namely, in 
ascending order, the Two Feet Coal 1 ft 5 in. to 3 ft, the Four-foot 
Coal I ft 6 in. to 4 ft 6 in., the Half Yard Coal 1 ft S in, and the 
Brooch Coal 4 ft to 6 ft 3 in. thick. These deteriorate to the south. 
Dykes and sills of olivine dolerite traverse the Coal Measures. 

A small patch of Coal Measures, four square miles in extent with 
three seams, occurs in the Clee Hills, but the area is traversed by 
igneous rocl^ and the seams are variable in thickness. The coals of 
the Shropshire fields are of the weakly caking tm. 

The COALBROOKDAtB COAUiBLD (7, Fig. 63) lies immediately 
north of the Forest of Wyre field and extends from LilleshaU in the 
north-east to Broseley in the south-west, a distance of twelve miles, 
and covers an area of eighteen square miles. 

The Productive Measures are in the Middle Coal Measures and 
these, dipping eastwards, rest unconformably on Lower Carboni¬ 
ferous, Old Red Sandstone and Silurian rocks. They were faulted 
and folded posthumously along the lines of the late Silurian dis¬ 
turbances, with axes running NE--SW,. before the Upper Coal 
Measures were deposited and these rest unconformably oa the eroded 
folds of anticlines from which certain seams have been ^nuded. This 
unconformity is known as the Symon Faull. Tlie prindpal faults run 
in the same direction, NE.-SW., and the Ughtmoor Fault, down- 
throwing to the east, bisects the coalfield, which is shallow to the 
west and deeper to the eut of it. To the south the Limeslone Fault 
follows the axes of one of the anticlinal folds. 

The LilleshaU Fault bounds the coalfield on the north-west, and 
north-west of this fault the Keele Beds of the Upper Coal Measures 
rest directly on Pre-Cambrian rocks. To the east a ftiU series of 
workable seams has been proved under Upper Coal Measures 
towards the Cannock Chase Coalfield. On the south and west the 
coalfield is bounded by outcrops of older rocks. 

The Middle Coal Measures contain ten workable seams with the 
Little Flint Coal, I ft 6 in.-3 ft 3 in. in thickness, at the base aod the 
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Fungus Coal. 3 ft-3 ft 4 in. at the top, including (he Best or Randle 
and the Clod Coals 6 ft-16 R 6 in. in thickness near the bottom. 

To the west of the Coalbrookdale field near Shrewsbury, three 
patches of Upper Coal Measures resting on Pre-Carbontferous rocks 
and conuining three thin seams have been worked but the Middle 
Coal Measures are absent. 



The Northern Group of Coalfields 

The Northern Coalfields contain (he most productive and impor¬ 
tant coalfields in the country and, particularly in Nottinghamshire 
and Yorkshire, those with At greatest reserves in the eastern con¬ 
cealed portion of the coalfield under New Red Sandstone. Boring 
operations have also revealed the probable existence of a deep 
coalfield in Lincolnshire. 

The North Staffordshire Coalpibu) (1, Figs. 11 and 73), 
occupying a triangular-shaped area some 100 square miles in extent 
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round Stoke-on-Trent containi the most complete development of 
the Upper Coal Measures characterized by their red colour and 
heralding the continental conditions of the next system, that of the 
Permo-Triassic or New Red Sandstone. 

The Upper Coal Measures are divisible into four subdivisions 
namely in descending order*^ 

Keele series 700 ft in thickness 
Newcastle-under-Lyme series 300-600 ft in thickness 
The Etruria Marls SOO-L2SO ft in thickness 
The Black Band series 300-450 ft in thickness. 
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The Black Band series includes a few thin coal seams and consists 
of shaleSt grits and marls, generally grey in colour, together with beds 
of day ironstone, among the few iron deposits of this type still 
worked in this country. 

The Etruria Marls are ime red and purple mottled marls and clays 
used in bricks, tiles and the coarser sanitary ware of the ceramic 
industry for which the area is justly famous, with thin bands of 
greenish grit, known as “espleys,” approaching conglomerates in the 
coarser bands. Thin Spirorbis (spirally coiled, calcareous worm 
tube) limestones which are indicative of lagoonal conditions also 
occur. 

The Newcastle or Halesowen series consists mainly of thick sand¬ 
stones, shales and marls, grey in cobur, with a few unimportant 
thin coals. The top group, the Keele beds, are red and purple sand¬ 
stones, bright red marls and shales with thin bands of Spirorbis lime¬ 
stones, which frequently contain a high percentage of magnesia 
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usually associated with saturated saline solutions in a landlocked 
sea which is drying up. 

The Middle and Lower divisions of the Coal Measures io this area 
are a normal, rhythmic alternation of shales, sandstones, fireclays 
and coal seams, but owing to folding the dip of the seams in the 
western part of the coalfield are high giving the so>CBUed “Rearer’* 
seams with inclinations between 45* and the vertical and In places 
even reversed. The Lower Coal Measures, which attain 400 yd in 
thickness, are steeply inclined on the east and north with the Crab* 
tree Coal at the b^ which correlates with the Bullion Coal of the 
Mountain Mines of Lancashire and the Alton or Halifax Hard Scam 
of the East Midland Coalfield. 

The main portion of the coalfield consists of a syncline running 
NNB.-SSW. pitching to the south with the Rearers anticline lying 
west of this main fold. Faulting is heavy, tho fhulti being in two 
groups running N.-S. and E.-W. and there is evidence in the varia¬ 
tion of the thickness of sediment between individual seams, amount¬ 
ing to a total of 1,000 ft in a distance of two miles, that differential 
movement was occurring during the deposition of the Coal Measures 
in this region, the variation occurring in the beds of thick sandstone 
in lenses, increasing in thickness in £e ayncline. 

On the west, faults throw cheKew Red Sandstone opposite the Coal 
Measures; on the east an anticline brings Millstone Grit to the 
surface and trending NNW. accounts, with the Rearers anticline 
running NNB., for the triangular shape of the coalfield. To the 
south the Coal Measures dip under unconformable New Red Sand¬ 
stone. 

The coalfield Is extremely rich, the thickness of coal seams per unit 
of depth is higlier than in other fields. Thirty seams are present of 
which some twenty-three are extensively work^, mostly in the Middle 
Coal Measures which are from 2,500-3,500 ft i n thickness. The main 
seams in ascending order aro^ 

The BuUhurat, 3-15 ft thick, the Cockshead or Eight Feet Bam- 
bury, 6-10 ft, the Seven Feet Bambury, 3-7 ft, the Bowling Alley 
Ccal, 2i-5 ft, the Rough Seven Feet, 3i-8 ft, the Great Row Coal, 
5-11 ft, and the Bassey Mine, 2-4 ft at the top in the Upper Coal 
Measures. Many of the lower seams are high rank coking coals. 
When of lower rank they are liable to spontaneous combustion. 

To the east of the main coalfield a series of folds produces small, 
detached coalfields at Shallalong, Goldsitch, Moss and Cheadle. 
The last is the only one of economic importance being circular in 
shape (la Fig. 72), and occupying an area of ten square miles. It 
consists of an asymmetrical basin steeper on the west, faulted by two 
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series of faults running N.-S. and E.-W. The seams are thinner than 
those in North SCafbrdslure and, with the Crabtree Coal at the base, 
2 ft in thickness, there are fourteen seams above from I ft 6 in. to 
d ft in thickness with the Two Yard Coal, ft thick, at the lop. 

Tkb East Midland Coauieu). The coal swamp area in which 
the coalfields were initiated covered an enormous area probably 
extending from the Dooetz basin in Russia across Europe and the 
North Sea, the North and Midlands of Great Britain, Wales, across 
the Irish Sea Co Ireland, and perhaps beyond, not necessarily as one 
huge swomp: but similar conditions were present simultaneously in 
the entire area as proved by fossil evidence. 

The present position of the coalfields as isolated groups is the result 
of denudation and folding. The ridge or anticline on the line Stone, 
Castle Donniogton and Ruddlngton divides the northern group from 
the Midland group; a second ridge, from Pendle Hill in Lancashire 
along the Wharfe Valley, separates the Nottinghamshire, Derby and 
Yor^hire Coalfield from that of Durham and Northumberland, 
while the Pennine anticline separates the Lancashire from the 
Yorkshire Coalfield and the Cumberland from the Durham and 
Northumberland Coalfield. 

The Notiiaghamshire, Derby and Yorkshire Coalfield (2, Fig. 72), 
is still one composite whole extending from Leeds in the north to 
Nottingham in the south, a distance of some seventy miles, with a 
width to the undefined eastern boundary of the concealed field, 
somewhere in the region of the Trent, from the outcrop of the top of 
the Millstone Orii, just west of Shelfield, of some forty miles, an area, 
therefore, of 2,000 to 2,400 square miles. 

The Coal Measures attain a thickness of 5,000 ft with thirty-four 
workable seams of coal between the Halifax Soft and Halifax Hard, 
Canister or Alton Mine at the base to the Shafton at the Cop, the 
main seams being in ascending order^Ths Better Bed of West 
Yorkshire or Kilbum of Nottinghamshire and Derby, Blocking, 
Silkstone or Blackshale of Nottinghamihire and Derby, Parkgate or 
Deep Hard of Nottinghamshire and Derby, Swallowwood or Haigh 
Moor of South and West Yorkshire respectively, Warrenhouse, 
Barnsley or Top Hard of West Yorkshire, South Yorkshire, and 
Nottinghamshire respectively and High Hazles or Kents Thick. The 
coalfieU is exposed on its western edge for a width of twenty-two 
miles but the exposure narrows to the south. 

Eastwards the coalfield becomes concealed under an unconform- 
able cover of Permo-Triassic rocks and, in the south, Jurassic rocks, 
which dip to the east and reach a thickness of4,000 ft in (he region of 
Lincob. 
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The siratigraphical succession is as tolloNvs, in descending orders 
Glacial artd Drift dcpcslU Of cisys. sands and gravds 0 to 170 ft 
JtiKusk days» limestones and sands over 1 ,400 ft 

New Red SanHstone mnrls and sandstones . up to 2,000 ft 

Permian limestones, merls and bosal breccia , . 0 to 700 ft 

Upper Ctiol Meesf/res of red, purple, brown, grey aitd 
green sands find ntudstones npreeenting Etruria 
Moris Newcusite and Keele Beds with thin unwork* 
able coals.up to noo ft 

Mkhlle C'Hi! Measures with Silkstone Coul ut base 
und red sandstone, with pigment leached from Iron* 

stone bands, near the top.2,000 to 2,000 ft 

t^'wer Caa! Measures with many coals, some of the 
sundsionos becoming cotne in texture and similnr to 
MilLitoneOrii. 1,000 to 1,ft 

The Middle and Lower Coal Measures thin both southwards and 
eastwards from their maximum development in the latitude of 
Sheflield where the coal seems amount to rather less than five per 
cent of the Coal Measures. 

The most productive zone is the 2,600 ft between the Beesion and 
Shafton Coals in South Yorkshire and the 2,000 fl between the 
BIscksliale and High Main Coals in Nottinghamshire and Derby* 
shire. The Warrenhouse* Barnsley'Top HaM is the predominant 
seam extending over an area of 600 square miles, although it varies 
in thickness, quality and rank. It averages 5 ft in thickness but 
reaches 10 Co 11 ft in the east, The characteristic ‘*hard$‘' band of 
dull durain, from I to 4 ft in thickness, occurs near the top of the seam 
proper and the increase in thickness is generally due to the thickening 
of the Top Softs and coal bands above the seam proper (Fig. 74.) 
These, between Woolley and Askern, split from the true Barnsley, 
which dies out, and continue into West Yorkshire as the Warren* 
house Coal and the Oawthorpe Seam. 

To the east of the exposed coalheld the newer collieries have 
proved (he eastward attenuation of the Coal Measures with failure of 
intermediate seams between (he major and constant seams and also 
a reduction of the rank of the coals east of a line through Frickley 
and Bullcroft. 

The Barnsley and the seams above are free burning, those below 
and the Barnsley Brights in the deeper sub*basins grade into gas coal 
and coking coal and are of higher rank. 

Several marine bands occur and are invaluable for correlation. The 
most important, the Mansfield Marine Band, occurs at dbtances 
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Varying from 430 to 750 A above the Barnsley seam depending on the 
rate of deposition of strata in the particular location involv^. 

In shape the coalfield is that of an oval basin with the major axis 
running north and souths relatively shallow, with a number of shallow 
anticlines explored on the west by colliery workings and revealed by 
geophysical prospecting in connection with the successful search for 
oil occurring In the cops of the anticlines in the Millstone Qrit of the 
Bakering district. 

The main folds are shown in Fig. 72 and cr08S*section Fig. 75. 
The faulting is the normal arrangement of two sets at right angles. 
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dip and strike, with the Don Faults and accompanying monocline 
causing aorth^eastward shift of the outcrops in the region of 
Rotherham, 

The faulting and folding in the Coal Measures ii not repeated in 
the Mesozoic rocks above so that structures In the latter are no guide 
to conditions in the Coal Measures below. A small number of faults 
are posthumously repeated in the Permo-Trias with diminished throw. 

As already indicated the coals of West Yorkshire are strongly and 
medium caking, those of South Yorkshire vary from stron^y to 
weakly caking and these of Derbyshire and Nottinghamshire are 
very weakly caking. 

The Lancashtrb and Chbshim Coalfield (3, Fig. 72), with the 
neighbouring sister coalfields of North Wales, is the western counter' 
part of the East Midland Coalfield and the succession is similar 
though the Coal Measures are much more faulted and more steeply 
inclined. The Lower Coal Measures occupy hilly sites and from 
these positions has been derived the name of the most important 
seams in them, the Mountain Mines, while the Middle Coal Measures 
occupy the lower ground and are extensively overlain by glacial drift, 
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from the Irish Sea Ic«-sheet» which may atiain a thlckoess of over 
200 ft. 

The exposed coalfield is triangular in shape with the apex to the 
north-east, occupies an aiea of some 220 square miles, and in the 
area the Carboniferous system attains a total development of 
11,000 0. 

The ooalheld is bounded on the north and east by Millstooe Grit 
and on the west and south by the newer rocks of the Permian and 
paitioularly the Trias. In the St. Helens area the Carboniferous is 
succeeded directly by the lower divisions of the Triassie Bunter 
Sandstone. The extension of the coalfield under the Cheshire basin 
is indeterminate but will be under a great thickness of Trias, while on 
the west borings at Croxteth and Pormby, near Liverpool, indicate 
that the Coal Measures may outcrop under the newer rocks or, 
alternatively, be at a depth greater than the 4,500 ft generally assumed 
to be the limit of economic coaUmining at present but not necessarily 
in the future. 

Tlie rocks exposed on the coalfield may be tabulated as follows— 


» ... Keuper Merli endSind»u>nefi.4,200 fi 

‘ Bunter Sandstone. 3,000 ft 


Permian 


Manchester Marls 
Cellyburtt Sandstone . 


Purple, TPd and grey 
mtrU including Heaton 
Upper Coil Measures Park and Ardwick 
Series—but no work* 
able coals 


, 400ft 
, 2.400 ft 

. 700-1,200 ft 


With Wortley Founfeei at Top and 
Middle Cool Measures Alley or LUtie Deiph Seam at base 

and ccntnlnlng the main ssama . 3,000 ft 


Lower Coel Measures 


/With MounUln Mines containing dis* 
IHnetlve ferruginous "codl balk" . 1,600 ft 


There are unconformities between thePermo-Trias and the Upper 
Coal Measures and between the Upper and Middle Coal Measures. 

The coal seams are known by a wide variety of local names which, 
together with the faulting, nwkes correlation difficult The main 
seams however starting at the base of the Middle Coal Measures 
with the Ariey or Little Deiph <St Helens area) are the Smith or 
Rushey Park, the Haigh Yard, the Ravine or Plodder, the Trencher- 
bone, the Wigan or Ravenhead Mines, the Pemberton or Florida 
Mines, the lace Mines or Crumbouke and at the top the Worsley 
Four-Feet or Parker Mine. 

The inclination is south near the Rossendale anticline, separating 
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the Bumifiy syndine from the Manchester and So^th Lancashire 
areas, and weat in the remainder of the field except where local 
folding influences the inclination. 

Faults of large throw, often over 500 yd, running NW.-SE. divide 
the coalfield into a number of parallel strips with a second set running 
east and west. The Rossendale anticline runs in the Utter direction 
and brings Millstone Grit to the surface as a ridge which almost 
completely separates the Burnley^Blackburn Syncline, in which coals 
of the Lower Coal Measures pr^ominaic, from the remainder of the 
coalfield. The majority of the faulting occurred before the Permian 
was deposited but some posthumous faulting has token place. 

It will have been 1 ‘emarkcd that in both this coalfield and that on 
the other side of the Pennine anticline, the East Midland Coalfield, 
the future reserves of coal depend to a large extent upon the relation 
between the Coal Measures and the newer rocks above them and 
their inclinations relative to each other in the unexplored concealed 
areas. It is obvious that if the Coal Measures outcrop beneath these 
newer rocks hopes of increased reserves in deep concealed fields will 
not be realized. 

The majority of the Lancashire coals are free burning, but those 
which were originally buried deepest are coking coals of higher 
rank—the Mountain Mines and lower seams of the Middle Coal 
Measures of South Lancashire. The types of coal in this field range 
from coking coals with a volatile matter content below 30 per cent to 
hi^ volatile, very weakly caking coals. 

The Lancastrian or Millstone Grit is exceptionally thick north of 
the Lancashire coalfield where more chan 1.500 yd ot shales and grits 
were deposited decreasing in thickness to the south. The steep dips 
of this coalfield in the south-east corner are partly compensated by 
throw-back faults. 

North Wales Coelfields 

This group of coalfields (4, Fig. 72), extends over a length of 
forty-five miles on the western margin of the Cheshire basin occupied 
by a great thickness of Keuper ^riaasic) rocks. The connection 
with the Lancashire Coalfield is through the Wirral Peninsula at 
NestoQ where the Coal Measures outcrop under Boulder Oay. As 
the inclination of the coal measums in North Wales is to the east or 
north-east and the dip of the Coal Measures of the extreme south¬ 
west comer of (he Lancashire Coalfield, at Cronton Colliery on the 
opposite side of the Mersey, is one in four-and-a-half to the $W., it 
is evident that if the connection is continuous and unaffected by 
heavy faulting a deep trough must exist under the Mersey. 
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At Neston four soams occur and the topmost, the Six Feet, has 
been correlated tentatively with the Rushey Park Seam of Lancashire. 

The two main portions of the coalfield, the Flintshire and the 
E>cnbighshire fields, are divided by the Great Bala Fault. The Car¬ 
boniferous succession is very complete, up to 9,SOOft being repre¬ 
sented, and the Upper Coal Measures are particularly well developed. 
The Carboniferous rests upon intensely folded Ordovician and 
Silurian rocks. 

In Denbighshire the Upper Coal Measures reach their maximum 
development and consist of— 

The Erbhtoeic Beds or purple, red end verieptted send* 
stones and nurts with a (^w ihin cools and limestonM . 3,000 ft 
The Coed*yr-eU Beds of greenish sandstones and red end 
green marls with thin limestonM . . . . SOO h 

Ruabon Marls ot purple, red and green marls with four 
coals Includi ng tM Morla is Mai n Coal 4 ft 9 In. thick . 1,100 A 

The two lower divisions are absent in the Flintshire Coalfield. 

The Middle Coal Measures are some 2,000 A thick in Denbigh* 
sh 1 re with t hirty sea ms and 1,250 A i n Flint with thirteen seams where, 
in the area In the neighbourhood of Flint, a portion of the Productive 
Coal Measures, including the most important seam, the Main Coal, 
is replaced by red measures without coals, similar to those of the 
Upper Coal Measures. 

In the Ruabon area a series of fireclays, siliceous clunches and 
marls, 100 A in thickness outcrop and are known as the Buckley 
Areclays. They form the basis of a flourishing refractory brick 
industry. The Yard Seam of Flintshire is an important House Coal 
and a Cannel Coal occurs at Lees wood 250 A below the most 
important coal in both fields, the Main Coal. 10 A 6 in. in thickness. 

The Lower Coal Measures are unproductive and attain iheir 
maximum thickness of 1,000 A in Flintshire. They consist of the 
Hollywell Shales with earthy limestones and are absent in the 
Ruabon-Chirk area. 

The folding and faulting determines the shape of the separate 
fields. The Flintshire Coalfield lies in a syncline to the west of the 
Horse-shoe Anticline wliich may continue under the Dee Estuary. 
There are two main sets of faults running east to north-east and north 
to north-west respectively and the coalfield is divided into a series of 
blocks, Minir^ is, therefore, difficult and expensive except in Point- 
of Ayr Colliery, Flintshire, where the conditions are good and the 
inclination low. Water difficulties, due to the penetration of water¬ 
bearing faults, has led to the abandonment of many collieri« in the 
past particularly in Flintshire, though coal has been mined in North 
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Wales $tncc the fifteenth century. The coaJs are mainly of the medium 
caking type. 


The Northern English Coalfields 
The coalfield on the eaat» that of Northumberland and Durham 
(5. Fig. 72 and 76)> is best considered as an entity, although the Tyne 
Valley which forms the geographical boundary ^tween the Counties 
also forms the dividing line between the coking coals of Durham and 
the hard gas and steam coals of Northumberland. This is an areal 
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change, the individual seams changing their nature as they cross the 
Tyne. 

The coalfield of the Coal Measures Age is triangular in shape and 
some 200 square miles in extent. In this region, also, the coals of the 
Lower Carboniferous become increasingly Important to the north 
but although they represent a reserve for the fhture, perhaps of great 
value, they are as yet little exploited. They outcrop to the north and 
west and extend along the fringe of the Coal Measures proper from 
North Yorkshire, across into Cumberland and north to Berwick, 
covering an area of 1,S00 square miles. 

The coalfield Is separated from that of Yorkshire by the Wharfe 
Anticline and the Coal Measures are overlain by Magnesian Lime* 
stone on the east coast of Durham, but this runs out at the mouth of 
the T>ne. Collieries sunk on the sea coast have to pass through these 
newer measures which are heavily water-bearing, particularly the 
runoiiig Yellow Sands at the base, and the freezing process of sinking 
is necessary and has proved an efficient though expensive method. 
The upper portion consisting of dolomitic liraesione with open 
joints attains a thickness of 650 ft, beneath which are thin Marl 
Slates and the Yellow Sands up to 100 ft in thickness. Much of the 
Coal Measures are overlain by gladal drift which fills the hollows 
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of the Pre^Glacial landscape and in the buried valleys, like the Team 
Wash, atcains a depth of 3C)0 ft. 

Igneous intrusions are more numerous io Korthumberland than In 
Durham but the latter county has the Hett Dyke which traverses the 
southern portion of the coalheld from east to west. 

The Durham Coalheld is not badly faulted and the faults are of 
small displacement with the exception of the Butterknowle Fault 
running east and west through Bishop Auckland with a throw of 
720 ft to the south- Fairly large faults are more common in North¬ 
umberland, the three most important being the Ninety Fathom Dyke 
running NE.-SW., through Whitley Bay, the Stakefoid Dyke running 
across the centre, east and west through Newbiggin, with a throw of 
500 ft, and the Hauxley Fault, with a throw of 1,000 ft to the south, 
which forms the boundary of the Productive Measures to the North. 

The general dip is a gentle one to the east with a possible gentle 
tum-up of the measures under the Permian cover seawards. Gentle 
folds cross the fleld running east and west giving a ftilrly deep syncline 
in the WaUsend area. 

The Upper Coal Measures, with coals of inferior quality, reach a 
maximum of 7S0 ft in this trough. These coals are sup^ior in D urham 
to the corresponding seams of Northumberland both in thickoess and 
in quality. 

The Middle or Main Productive Measures contain all the impor¬ 
tant coals with the Brockv»«Il at the base and the High Main at the 
top with a bed of sandstone, "The High Main Post," u a roof. From 
this came the Grindstones, exported with coal from Newcastle to the 
Continent since the Middle Ages. The Middle Coal Measures are 
from 1,400-1.800 ft in thickness. 

The main coals in ascending order are (Durham nomenclature 
first, followed by that of Northumberland where different)—the 
Brock well, the Three Quarter, the Busty, the Haxv^ or Beaumont, 
the Hutton or Low Main, the Main or Yard, the Five Quarter, and 
the Shield Row or High Main, but correlation is difEicult owing to a 
variety of local names and the misapplication of seam names for 
market puiposes. In both counties the coals ere at their best ic the 
vicinity of the outcrops in the west. 

In Durham those of the lower portion below the Hutton are the 
finest high rank coking coals in the country, with the possible 
exception of those of South Wales, with a volatile content between 
25 and 30 per cent, ash 4 to 7 per cent, oxygen 3 to 5 per cent and 
sulphur below 1 per cent In every direction from West Durham the 
rati becomes lower and the volaUIc matter increases to 35 to 40 per 
cent, the oxygen content from 4 to 6 per cent and sulphur to over 2 
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per cent. The alteration is areal and the variation in each seam is 
greater than the ditTerence in seams at any point. The strongly coking 
coals are succeeded by gas coals, still strongly coking, the seams 
above the Hutton in West Durham being of this type. 

In Northumberland the most important coals are in the upper 
portion of the Productive Measures such as the High Main. Bensham 
and Low Main. In both holds the seams in the lower portion lend 
to thin and to develop dirt bands to the east, and in Durham the top 
seams of the Lower or Canister Measures and the Brockwell are not 
generally present east of the Great North Road, and (he Busty 
deteriorates considerably. 

The extension of the coalheld under the North Sea seems fhirly well 
assured for a distance of six miles in Durham as workings already 
extend for a distance of three and a quarter miles, Local thinning of 
individual seams occurs and a gradual deterioration of seam thick* 
ness seawards will probably be revealed, 

In Northumberland the seams become free-burning house and 
steam ooals in the north with a volatile matter content of over 40 per 
cent. Under the sea the safety limit of 240 ft of cover between the 
seam worked and the sea-bed limits the reserves in the lower seams 
beneath the Bottom, which is the seam above the Beaumont, except 
in a trough extending about nine miles from Blyth to the Grange- 
wood Fault where all seams below the High Main may be expMted. 

The Lower or Oanisier Measures, between the Millstone Grit and 
the Brockwell seam some 120-300 ft in thickness, contain thin coals. 
These include the Victoria and Marshall Green seams which are 
between 2-3 A in thickness, the former of excellent quelity. As with 
the lower portion of the Middle Coal Measures, the seams thin 
eastwards end are only worked In (he west near their outcrops. Fire¬ 
clays and ganister are sometimes associated with these coals and 
simultaneous extraction may be resorted to in the future. 

The Limestone Coals of the Lower Carboniferous, better developed 
in Northumberland than in Durham, have already been mentioned 
and will not be enlarged upon in this section. 

The CutpIBEkland Coalfield is separated from that of Durham by 
the Pennine upliA and from the Lancashire and small Ingleton Coal¬ 
fields by the older Carboniferous and Palaeozoic rocks of the Lake 
District. The exposed coalfield occupies the coastal area between 
Whitehaven and Maryporl, has a width of some six miles, and then 
turns WNW. inland to Aspatria and towards Sebergham in a strip 
about two miles in width (6. Fig. 72). Below the Coal Measures thin 
coals occur but the main seams are confined to the Productive 
Measures about 1,000 A in thickness. 
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The most important seam is (he Main Band, reaching 15 ft In 
(hJckness in the undersea area, which splits into three separate seams, 
the Cannel, Metal and Thirty Inch to the west and north of the 
Derwent. In the same area the Yard Seam below increases in thick* 
ness to 5 ft and improves in quality in the Aspatria area. Some 
dozen seams between two and five feet in thickness are worked, 
including those mentioned above. 

Above the Productive Measures is the Whitehaven Sandstone 
Series consisting of purple grey sandstones and shales forming (he 
upper portion of the Middle Coal Measures, The general dip is to 
the west but ihc coallleld is badly faulted and folded with axes 
running NW.-SE. 

Two regions of concealed fields occur, south of Whitehaven to 
St. Bees under the Trias and north of Aspatria under the Carlisle 
basin beneath 3,(X)0 tt of Permo*Trios and 2,000 ft of Upper Coal 
Measures and the Whitehaven Series. Seawards the seams improve 
in thickness and quality and although the extension of the coalAeld 
dees not reach the Isle of Man it probably extends for a distance of 
fifteen miles from the coast. The faulting and folding of the exposed 
coalfield, which is pre-Permian, is expected to be reproduced in (he 
undersea area. 

Across the Carlisle Basin, on the Scottish side of the Border, is 
a small area of exposed Productive Measures, about one and a half 
square miles In area bounded on the south by a downthrow fault and 
on the north-east by an upthrow ^ult. This is known as the Canon- 
bie Coalfield. 

To the south the Upper Coal Measures are exposed consisting of 
red sandstones and shales some 1,500 ft in thickness with thin coals 
at the base. The Productive Measures consist of 1,000 ft of strata 
with eight seams from 3-9 ft in thickness and aggregating 40 ft. The 
Limestone Coal Group contains thin coals including three seams 
two feet in thickness. The reserves of this small coalneld under the 
Permo«Trias cover to the SE. may be considerable but an extensive 
programme of boring is required as ioformation at present is meagre. 

The Coalfields of Scotland 

The coalfields of Scotland differ from those of England in that 
instead of the important seams being contained practically entirely 
in the Middle and Lower Coal Measures, In Scotland the important 
cools occur in two groups, the first in the lower portion of the 
Middle and the Lower Coal Measures (the Productive Coal 
Measures), and the second in (he Limestone Coal Group of the 
Carboniferous Limestone Series of the Lower Carboniferous, The 
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Carboniferous Limestone Series consists, in ascending order, of 
the Lower Limestone Group from the Kurlet Limestone Coal to the 
Top Hosie Limestone, 300 to 1,000 ft in thickness, followed by the 
Limestone Coal Group, including (he Edge Coals, from the Top 
Hosie to (he Index Limestone, comprising 700 to 1,000 ft of strata, 
and, at the top, the Upper Limestone Group from the Index to the 
Castle Cary Limestone, 200 to 1,000 ft in thickness. The measures 
productive cf coal occupy In all some 800 square miles and occur in 
seven main fields taking the form of broad synclinal basins which 
folding and faulting have further subdivided. 

The Central Valley area has been subjected to spreads of volcanic 
material to a greater extent than any of the English coalfields, both 
Puy and Plateau type of intrusion took place in late Carboniferous and 
Permian to Tertiary times. Thus in some areas scams have been re^ 
placed by volcanic material but there is only very local anthraeiiation. 

In both horizons the seams vary in number and thickness more 
rapidly than in the English fields so that correlation of seams is 
particularly difficull. Some of (he smaller fields for example 
Sanquhar, have been deposited in valleys in the Pre'Carboniferous 
rocks, The area is gene^Jy covered by Glacial deposits. 

The coals are highly bituminous and mostly of the gas and coking 
coal type including “splint" or cannels though locally good house 
coals occur such as the fiannockbum of Stirlingshire, Oil shales are 
exceptionally well represented. The Upper Coal Measures are 
absent and the Middle Coal Measures, consisting of Red Barren and 
Lower Productive Measures, are covered by Permian in parts of 
Ayrshire, Nlthsdale and Annandale. The summit of the Productive 
Coal Measures is marked by Skipsey's Marine Band which contains 
many marine fossils also present in the Mansfield Marine Band of 
the East Midland Coalfield, 

The Cbntral Vaubv Coalfibld stretches a distance of thirty 
miles from Bathgate to Barrhead (I, Fig. 77). The Productive Coal 
Measures occupy the central portion of the basin and the coals fall 
into two groups. The first, from the Splint Coal upwards, contains 
also the thickest seams including the Main. Fyotshaw and EH which 
are present in the south-western portion of the coalfield round 
Glasgow, Airdrie and Hamilton. Those below the Splint Coal are 
ihincer and eleven seams are worked including the Blackbaad, 
Virtueweli and Kiltongue coals, but they are generally present 
throughout, particularly to the east, and are of good quality. 

In the Lower Carbooiferous system although coals in other groups 
of this system are locally important, like the Castlebead and Quar* 
relton Thick Coals of the Calciferous Sandstone, the Limestone 
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Coal group contains the important seams which on the western side 
number from seven to eleven, from 2 ft-4 ft 6 in. in thickness, in¬ 
cluding the Meiklehill Main, the Wee and the KiUyth coking seams. 
On the eastern side the group contains eight seams including the 
Bathgate Main and Jewel seams. 

In the central portion of the field where the Limestone Coals 
underlie the Productive Coal Measures and on the southern margin 
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of the field, the Limestone Coals are poorly developed. This has 
proved a grave disappointment as these coals had been expected tc 
replace the upper seams in the Productive Measures as these became 
exhausted. 

The Limestone Coals are 286 yd in thickness at Cardowan, 440 yd 
at Kilsyth but south of Bathgate are only 240 yd thick. In the barren 
tract of the Hamilton*Wishaw area the thickness is reduced to 174 yd 
and at Stonehouse to 90 yd. 

Thb Douolas Valley CoalRiBLD (2, Fig. 77) lies about fifteen 
miles SSW. of Hamilton and contains some twenty square miles of 
Carboniferous strata, detached from the Central Coalfield by Old 
Red Sandstone, in which the full Carboniferous succession is repre¬ 
sented from the Barren Red Measures downwards. It is about six 
miles wide to the north where (he Millstone Grit is exposed is a wide 
basin with the Carboniferous limestone Series on the ma^n. On 
the western side, the Limestone Goal Group contains seven seams 
and on the eastern side eleven from 3-5 ft in thickness. Tc the south. 
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the Productive Coal Measures contain ten workable seams from 
^7 ft thick which correlate fairly well with those of the Central 
Valley coalfield, the Nine Feet correlating with the Virtue well of the 
Central Valley Coalfield and the Seven Feet with the Splint. 

The North-east Stir dnosh ire Coalfield (3, Fig. 77), although 
continuous with the Central Coalfield to the south and across the 
Forth to the Clackmannan basin to the north, is generally considered 
as a separate coalfield. It is bounded to the NW., by the Ochil 
Boundary Fault, which also bounds the Clackmannan and Fife 
Field. It extends In a roughly triangular-shaped area from Stirling 
and Alloa in the north to Bo'ncss in the east and Denny to the west, 

This field has the bulk of its reserves in the Limestone Coal Group. 
There are no coals of workable thickness in the Lower Limestone 
Series and the only coals in the Upper Limestone are the Hirst Coals, 
the Upper about 4 ft and the Lower about 2 ft in thickness. 

The Lfpper Limestone Croup varies from 320 to 540 yd in thick* 
ness. The Millstone Grit varies in thickness from 220 lo 3S0yd, 
while the Limestone Coal Group varies from 2W to 360 yd. The 
latter consists of an upper portion lOOyd in thickness with three 
seams, followed by some 130 yd of lavas, interbedded with sedi¬ 
mentary rocks, followed by some 130 yd of sediments with six 
workable coals. The Productive Coal Measures occupy a syncli- 
norium in the centre of the field divided into three minor basins. 

The sesms correlate well with those of Lanarkshire with the 
Vinuewell at the top and the CoUnburn at the base, the intermediate 
seams being differently named in the two fields. The seams outcrop on 
both sides of the basin, the deepest portion of which is at Kinnalrd. 

The Fife awd Clackmannan Coalfisld (4, Fig. 77), extends 
from Menstrie in the west to Leven in the east and is bounded on the 
north by the Ochil Boundary Fault, the Forth forming the other 
boundary and there are important reserves beneath it betw«n 
Kirkcaldy and Leven which may be continuous under the Forth with 
the Lothians Coalfield (6, Fig. 77). The important coal reserves of 
Scotland are largely sha^ between these two fields. Eighteen seams 
more than 2 ft in thickness may be expected under the Forth. 

In this coalfield all the coal-bearing formations are exposed in 
different poiKons of the field—the Barren Red Measures, the Pro¬ 
ductive Coal Measures, the Millstone Grit and the Carboniferous 
Limestone Scries, comprising the Upper Limestone and Limestone 
Coal Groups. The most valuable seams arc again in the Limestone 
Coal Group and in the Productive Coal Measures, but the Upper 
Limestone contains locally a few coals of workable thickness which 
have been exploited on a small scale. 
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The Lower Limestone Group and the Calciferous Sandstone Series 
contain thin coals but none of workable thickness, but the Lethain- 
well seam in the Millstone Grit has been worked near Dysart. The 
coalfield i$ divided by folding into a number of separate areas. In 
the west is the Gackmannan basin with Alloa in the centre, to the 
north of which is a patch of Barren Red Measures some 66 yd in 
thickness. The rest of the centre of the basin is occupied by the 
Productive Measures which attain a thickness of 300 yd- The borders 
on both the cast and west carry exposures of Millstone Cril 370 yd 
thick and the Carboniferous Limestone Series up to 1,050 yd thick, 
those on the cnsi being the thicker. 

The Limestone Coals are well exposed in a broad belt in the east in 
the Valley Held region with an i net i nation to the west and contain 
fourteen workable scums in a thickness of 4S0 yd with the Blairhall 
Main at the lop and the Dunfermline Splint at the base immediately 
above the Johnstone She!I-Band. The Jersey-Diamond or Bannock¬ 
burn Croup of seams in the middle are among the more important 
coals. To the west these coals underlie the Productive Measures and 
have not yet been exploited. They are exposed in the extreme west 
but the number of seams is less, (King seven. 

The Pfoduelive Coal Measures, some 180 yd in tMckness con¬ 
tains seventeen workable seams more than 18 in. in thickness, 
including the Upper Five Feel, 6-8 ft in thickness, the Nino Feet, 
6-9 ft thick, the Lower Five Feet and the Coalsnaughton Main near 
the base, 2 ft-4 ft 6 in. thick. 

This portion of the field is separated from that of Central Fife by 
an antlaine through Bolmule along which the Lower Limestones and 
Calciferous Sandstones Scries arc exposed. The Central Fife portion 
consists of a number of shallow basins. In the first basin, in the 
Cowdenbeath region, the Limestone Coals reach a thickness of 
470 yd with 97 ft of coal, the Productive Coal Measures having been 
denuded. 

An anticline through Lochgelly separates this area from the next, 
the BowhiJl basin, in which the Productive Coal Measures are present 
and attain a thickness of 340 yd. The Millstone Grit with lava flows, 
90 yd in thickness, the Upper Limestone Group, 290 yd thick Nvith 
workable coals and the Limestone Coal Group, also about 290 yd 
in thickness, are also present. 

An anticline runs from Burntisland in an NNE. direction into the 
NW. comer of the East Fife portion of the coalfield. The Limestone 
Coal Group contains sixteen seams of workable thickness, several of 
which unite to form the Fourteen Feel of Lochgelly at the Diamond* 
Jersey horizon in the middle of the Group. The Productive Coal 
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Measures, present in the northern portion of the BowhUl basin only, 
contain the Bogside Main Coal, 20 ft in thickness. 

The East Fife area of the field has a broad arch on the west which 
is a continuation of the BurntUIaod anticline. From this the Upper 
Limestone Group dips to the east under Millstone Grit and ProduC' 
tive Coal Measures of Che DysarC«Wemys$ area. Here 170 yd of 
Barren Red Measures occur in a coastal strip about one mile wide. 

The Productive Coal Measures vary from S20-360 yd in thickness, 
the Millstone Grit is 320 yd thiek, the Upper Limestone Group is 
250 yd in thickness in the NW., increasing to 400 yd SE. at Dysart 
and the Limestone Coal Croup similarly increases in thickness f^om 
NW. to SE. from 170-240 yd, Only three workable coals occur in 
this Group in the NW. increasing to twelve at Dysart in the SE. 

In the Productive Coal Measures some seventeen workable seams 
are present including the Dysart Main Seam which, in the Dysart 
region, attains a thickness cf over 23 R. 

In addition to those enumerated above, small detached portions of 
this field also occur to the north of the Ochil Boundary Fault but 
none is yet of economic importance. 

Thb LothiaNS Coalpiblc (5, Pig. 77), on the south shore of the 
Firth of Forth consists of two parallel b^ins with a dome between 
running SSW.~NNB. through Prestonpans, that of the west, the 
Midlothian, being considerably the deeper. In extent it stretches 
eight miles along the eoast between Poriobello and Longntddry and 
extends inland fifteen miles in the west and nine miles in the east, the 
field, in effect, lying in a trough between the Pentland and Southern 
Uplands faults. 

The western, Midlothian, basin contains both Productive Coal 
Measures and the Limestone Coals. In the eastern, East Lothian, 
basin the Limestone Coals only are of economic importance. 

The Productive Coal Measures, important only in Midlothian, are 
never highly inclined and are known a$ the "Flat Coals*' (Pig. 78). 
They attain a thickness cf 500 yd in the west and decrease in thick¬ 
ness to the east The Sherriffhall Fault, running east and west 
through Dalkeith, with a downthrow to the north of 500 fl, brings in 
an upper group of six workable seams above the Jewel seam, separ¬ 
ated by 60 yd of measures barren of workable seams from a lower 
group of eight seams with the Jewel seam, 3 ft in thickness, at the 
top and the Seven Feet Seam, 4 ft in thickness, at the base. The 
upper group are only present north of the fault. About 140 yd of 
Barren Red Measures occur at Dalkeith in the west. 

The Millstone Grit is represented by the Roslin Sandstones, 
Upper and Lower, of coarse red sandstone with marls and clays. 
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and varies in ihitkness from 250 yd in the west to 170 yd in the 
east. 

The Upper Limestone Group locally has six seams of workable 
thickness, up to 5 ft, including the South Parrot Splint and the 
Group varies in thickness from 360 yd in the west to 100 yd in the 
east. 

The Limestone Coal Group outcrops in a narrow exposure along 
the western boundary of the field, the strata here being very highly 
inclined, between 50^ and vertical, and is known as the Edge coals 
(Fig. 7S). The inclination is reduced in the deepest, centra), portion 
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of the basin and on the eastern and southern edges of the Midlothian 
basin, where the group is again exposed, the inclination is less than 
25* (Fig. 7S). In the East Lothian portion of the basin the seams arc 
flat or gently undulating. In the west the Group is 340 yd in thick¬ 
ness and contains twenty workable seams including the Great, about 
7 ft thick, the Gillespie, 4 ft 6 in., the Black Chapel, 4 ft 6 in., the 
Peacock, 3-5 ft, and the North Seam, 3-4 fl thick. The Group is 
reduced to 200 yd in thickness with twelve seams to the SE. of the 
Midlothian basin, while in East Lothian the thickness is 160 yd with 
nine workable seams. The same seam names are common to distinct 
coals in the Productive Coal Measures and the Limestone Coal 
Croup. 

The Lower Limestone Group has three coals which have been 
worked locally including tbe North Greens Seam, up to 3 ft 6 in. in 
thickness. The Group varies in thickness from 180-^0 yd, 

The Calciferous Sandstone Series beneath contains the Oil Shale 
and Cementstone Groups with a few thin and impersistent coals. 

This coalfield shares the probable reserves of undersea coal, both 
Limestone Coals and Productive Measures, beneath the Firth of 
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Forth with the Fife Coalfield. Lillie is known of the folding and 
fault i ng of lli is undersea area, or of t he effect of i he o Id channel of ihe 
Forth before glaciation altered its course, but a thick deposit of 
Boulder Gay is to be expected which should greatly reduce the water 
hazard. Seismic geophysical prospwling has revealed that the 
danger from the old channel is negligible. 

The Ayrshibb CoAunao (6, Fig. V), extends for a distance of 
thirly*seven miles from Lochwinnock in the north to Dalmcllington 
in t)ie south and from Troon on the coast to Olenbuck in the east, 
a distance of twenty'Cight m ilce. Of this area some sixty square in iles 
have been affected by igneous intrusions, particularly by whinstonc 
(doleriCe) dykes and sills. The field is separated from the Central 
Coalfield (Fig. 77). by Old Red Sandstone and igneous rocks. 

The coalfield is divided into two by the Inchgotrick Fault down- 
throwing to the north and running ENE. from the coast south of 
Troon. The northern area is again subdivided into two by the Dusk 
Water Fault running in the same direction from Ardrossan. To the 
north of tius fault £e Productive Coal Measures are absent except 
for a few patches but the Limestone Coal Group reaches a thickness 
of 220 yd, thinn ing to the south. It contains four workable coals with 
the most consistent seam the Borestone, about 3 ft in thickness, at 
the bottom above the Black Metals. In the Upper Limestone Group 
above two coals corresponding to the Hirst coals of the Central 
Coalfield reach a workable thickness locally. 

South of the Dusk Water Fault the full sequence from the Barren 
Red Measures downwards is present. These reach a thickness of 
100 yd and the Millstone Grit, below the Productive Coal Measures, 
largdy consisting of contemporaneous lavas, is variable m thickness 
from 20170 The Limestone Coal Group and the Productive 
Coal Measures both contain workable coals but the former is much 
thinner, only 95 yd, and cootains only two coals, The Upper Lime¬ 
stone Group is simiiarly attenuated, only 27 yd. The Productive 
Coal Measures on the other hand are 180 yd in thickness and con¬ 
tain thirteen seams with the McNaughtat the top and the Kilwinning 
Main at the base with three coals, the Splint, T\irf and Wee, in the 
centre uniting to form the Main Coal at Galston in the east. 

The Limestone Coal Group, where concealed by the Productive 
Coal Measures above, would appear to contain only two seams of 
workable thickness and to be subject to much spoiling by dolerite 
intrusions. 

The largest and most important area economically is that 1& the 
centre of the field south of the Inchgotrick Fault to Dalxnellingtoo, 
and from the coast eastwards to Glenbuck. 
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There is a deep syndine in the northern portion round Mauchline, 
concealed by Permian strata 500 yd in thickness and 160 yd of lava, 
and a narrow syncline from Muirkirk to Glenbuck of Carboniferous 
Limestone overlain by Millstone Grit and heavily faulted. 

In the south the area is divided up by faults running NE.-SW. In 
the north the Productive Coal Measures are some 220 yd in thickness, 
250 yd in the west at Prestwick and 220 yd at Ochiltree in the SE. 
These encircle the Barren Red Measures and Permian strata, the 
former being some 500 yd thick in the north and 510 yd in the central, 
Ochiltree, area. The number of workable seams In the Productive 
Measures increases to the south and south>cast in the Dalmellington 
and New Cumnock districts, from six in the north to eighteen in the 
south and twenty-three In the south-east in the New Cumn«k area. 
The most important seams are the Main Coal, 5 ft to 6 R 6 in. thick, 
the Ayr Hard, 4 ft to 7 ft, and the Knookshinnock Main, 5 ft to 12 ft 
6 in. in the south-east. 

The Limestone Coals and the Upper Limestone Group above 
reach Dieir maximum development In the Muirkirk area to the cast. 
The former is 120 yd in thickness with six seams, in descending order 
the Ell, 3 ft 6 in,, the Seven Feet which splits N6. of Muirkirk into 
two, the Three Feet and the Four Feet, the Nine Feel, the Thirty 
Inch at the bottom of the Black Metals and the Six Feet with the 
Macdonald below the Johnstone Shell-Bed in the Gknbuck area. 

The Upper Limestone Group is some 200 yd in thickness in this 
area with thin seams, of which the Cokeyard, 30 in. thick, above the 
Index Limestone and the Blue Tour 5 ft 6 in., coirespond with the 
Hirst Coals of the Central Coalfield. 

Westwards towards Mauchline the Limestone Coal Group is 
reduced in thickness to 50 yd and the coals tend to come together to 
form compound seams, for example the Upper and Lower Gass 
Water Coals, some 9 ft thick, above the Black Metals, and the 30 in. 
and 6ft come together at Cronberry. Further west the Limestone 
Coals cease to be of economic value and locally the whole of the 
Carboniferous Limestone Scries is absent. South of this barren area 
at Patna and south-east of New Cumnock the Limestone Coal Group 
is some 80 yd in thickness with the Patna Thick coal, up to 17 ft 6 in. 
in thickness, with variable seams below at Patna and 11 ft thick, 
corresponding to the Gass Water Coals, at New Cumnock. 

At Dailly, near Girvan, and separated from the Main Ayrshire 
Coalfield, occurs a sharply-folded, elongated syncline of Limestone 
Coals, about five miles in length and about 100 yd in thickness with 
seven workable seams in the centre thinning to the SW. to 60 yd, 
The seams, in descending order, arc the Main CoaL 5 to 7 ft thick, 
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the Ell, 3 to 4 ft, Parrct, 5 ft, Corral, 2 to 4 ft, the Craigte, 4 ft to 
4 ft 6 in. and the Hartley Coal, 4 ft 6 in. to 5 ft. 

The Sanquhar Coalfield m Dumfriesshire (7, Fig. 77). about 
seven-and-a'half miles in length east of the Ayrshire Coalfield, oceu* 
pies an irregular basin about seventeen square miles in area in the 
Ordovician rocks, the Southern Uplands Fault, with a throw of 
400 yd, bounding the area on the north-easi. In the centre the Barren 
Red Measures are 280 yd in thickness with the Productive Coal 
Measures below, some 260 yd thick, with five coals from 2 ft to 
4 ft 6 m. in thickness. A thin band of Millstone Grit borders the 
area on the west and south but elsewhere the Coal Measures lie 
unconformably on Silurian rocks. 

The Machrihanish Coalfield, near Campbeltown in the Mull of 
Kintyre, Argyllshire (8, Fig. 77), consists of an area of perhaps nine 
square miles of workable coal. Coal Measures without workable 
coals, Millstone Grit, represented largely by volcanic rocks and the 
Carboniferous Limestone Series with the Limestone Coal Group, in 
which workings over one-and*a-half square miles have been opened 
out, abandon^ and again exploited, comprise the exposure which 
probably extends under the sea to the west. 

The coals which have been worked are the Killivan, 6 ft, and the 
Main Coal up to 12 ft in thickness but some eight seams are known 
aggregating 45 ft in 100 yd of strata. 

QUESnONS 

1. Give an account of the Carboniferouj Syalam in the dtITerent parts ot the 
British Islet. 

2, What do you understand by Armoriean'Hercyniin folding? Explain how 
this bai aiTected the location of tha coaUlalda. 

9. Give an account of the Upper Coal Measures, 

4. Describe the succeesion and sirueture of a coalfield with which you are 
acQueinted. 

L Give an account of the variation of rank of South Wake coals. 

6. Draw a diuram illustrating the relation between the Yorkshire end the 
Lancashire and OMshire eoaJheld. 

7. In what respect do the eoalheldi of Scotland differ from those of England? 

5. DislinguUh between the Productive Coal Measures and the Unwatone Coals 
in the Northern (Northumbrian and ScoRisb) coalfields. 
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THE COAL MEASURES 
COAL MEASURE ROCKS 

It hai already been remarked thac the rocki of the Coal Measures 
are shales, sandstones, hreclays and coal seams with shales the 
dominant rock. The sandstones form the ridges and hills of the 
typical landscape of Coal Measure areas, with shales in the valleys. 
Blue is the prevailing colour of the shales and binds (metal or blaes) 
produced iy hnely disseminated iron sulphides; when grey the 
colouring matter is iron carbonate. A distinction is generally made 
between shales and binds or mudstones, the former are well laminated, 
split along horizontal bedding planes into thin layers, while this 
lamination is absent or poorly dwloped in binds. The composition 
of both consist# of seventy to eighty per cent of clay or mud with 
twenty to thirty per cent of silt. When the latter increases to fifty 
per cent the ro^ becomes a silt^stone or "stone-bind" and with (he 
same percentage of fine or medium sand, a sandstone results, known 
on the coalfields as "rock" or "post." 

Kumerous attempts have been made to fix limits of grain size in the 
different coal measure rocks in order to facilitate the standardization 
of rock descriptions. Phillips in the Trans, c/ the Inst. Min. Engrs., 
Vol. 90, mentions the following— 

pebbles .... maier than 10 mm diam 
Gravel and vny <o«ri« sand . To to 1 mm 

Sand.I to 01 mm 

SjU .01 to OOl mm 

Mud.less iheu OOl men 

The succession of rock ^pes above a coal seam to the next seam 
in the succession shows remarkable constancy and is repeated again 
and again with little variation although there is never complete 
identity. The variation in the type of sediment is the result of the 
depth of water and type of material provided. The most variable 
members of the "suite" or “unit" of strata associated with the coal 
scam ace the sandstones. 

The coal swamp was situated in a subsiding area, subsiding not 
at a regular rate but quickly at first which resulted in the deposition 
of a fossiliferous shale, often with a transition sediment of "batts" 
or “bass," a black highly carbonaceous shale, or a coal band with a 
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high ash content at the top of the seam. The shale was succeeded by 
a sandstone Of a stone bind as the delta again filled up and coahpeat 
formation was repeated (Fig. 79). 

Immediately below the coal seam is the seat'earih or fossil soil 
upon whioh the vegetation forming the peat grew. These vary from 
soft unbedded» grey or white olays known as fireclays, “seggars” or 
*'clunche5/‘ rich m silica and hydrated aluminium silicates, to 
ganister, a highly siliceous ssndstone containing up to ninety'^ven 
per cent si I tee. AH are deficient in alkalis, calcium and iron which 
have been extracted from them by the roots of the plants which grew 
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upon them and whose fossil remains, penetrating the seat earths, are 
generally extremely evident. They form the strongest evidence of 
the "In sliu" theory of coal seam formation as opposed to the "drift” 
or "migration” theory of grosvth at some distance from the present 
position of the coal seam. It must, however, be realized that no hard 
and fast division exists between the two theories and both methods 
probably took part in coal seam formation. 

The sandstones were deposited in times of flood and occur in 
lenticular masses and so are inconstant in thickness. They are often 
current or "false-bedded.” Being deposited in erosion conditions 
they frequently remove shale above coal seams and sometimes the 
seam itself or the top portion of it producing a "wash-out” or local 
failure or thinning of the seam. 

The type of sediment immediately above and below a coal seam is 
of great importance in the economic winning of the seam. A fine 
shale, a "batt” or a “clunch” may be so soft that it is “tender” or 
"short” and difficult to support at the coal face, while a soft clunch 
floor may swell or sq^ueeze up, “lift,” in the roadways thus reducing 
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iKe size of the road and. since the maximum lifting occurs in the 
middle, disturbing the nul tracks and necessitating their relaying. In 
order to preserve the strength properties of these beds above and 
below coal seams during the working of the seam, the science of 
“roof control” has been developed and has a great effect upon the 
economics and the safety of coal getting. 

Coal Seams 

Coal seams on examination reveal a banded structure, the appear¬ 
ance of each band being d i fferem from that above or below it. Others 
exhibit also a composite character, that is they consist of several 
individual scams separated from each other by bands or layers of 
shale or “batt.” 

The banding and the dirt partings in a seam are often characteristic 
and can be used for purposes of correlation over a fairly wide area. 
The banding of the coal is a result of difference In the vegetation 
which went to form the different bands, and to some extent, of the 
conditions existing when it was being converted into peat, Thus a 
coal seam has often a band of soft coal at the base above which is a 
band of bright coal followed by hard, dull coal in the upper portion 
with a bastard, high ash. coal band, a cannel or a carbonaceous shale 
band adjacent to the roof of the scam. Thick seams with numerous 
dirt partings often emphasize their composite charaeter by splitting 
up into separate seams with the dirt bands between increasing in 
thickness to many yards of strata. Pig. 30 shows the splitting up of 
the Ten Yard or Sttffordshire Thick Coal. 

Most coal seams, except anthracite, exhibit three separate sett of 
division planes, a horizontal set corresponding with the bedding 
planes ot sedimentary rocks and two others at right angles to the 
horizontal set and to each other. These vertical joints are known as 
the "cleat” or “cleavage” of the coal and are analogous to jointing 
in sedimentary rocks. One set is more strongly marked than the 
other and coal worked in a direction at right angles to this main 
"face” or "bord" cleat is easily got while that worked at right angles 
to the less strongly marked "end” or "headwaj^” cleat is less easily 
worked. Coal faces at certain angles to the main cleat have particu¬ 
lar names, thus at 45® to the cleat the face is said to be “on half and 
half,” at 22i® "on long awn" and at 67J® “on short awi.” When 
coal-cutters are used to "hole” or undercut the seam, the face will 
generally be “on end,” that is with the length of the face at right 
angles to the main cleat, advancing in a direction parallel to it. 

In most of the coalfields in this country the cleat runs in a direction 
NNW. and SSE. With the innovation of highly mechanized methods 
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of workiitg, using cutters and mechanical loaders, less influence on 
the direction of the faces is exerted by Che direction of cleat, and main 
and auxiliary roads are often set out with more regard to inclination 
than to cleavage, but in many cases the latter is sbU an important 
factor. Some seams exhibit a set of inclined fractures similar to 
fault planes but without any dislocation of the seam. These are 
known as “buggers,” "slips” or "backs” and again may influence 
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the direction of working of the face. It It uncertain whether these 
were produced by geological agencies or whether these are fractures 
produced in the solid coal ahead of the working face by a concentra¬ 
tion of stress there, induced by the extraction of tha seam and the 
release of ener^ in the superincumbent strata above the seam, 
known as Che "^ont abutment pressure.” 

Coal Fonnation 

The **in situ” or "growth in place” theciy of coal fonnation has 
now received almost universal acceptance for Che majority of coal 
seams with the exception of cannels, bogheads, torbanites and a few 
other seams of the so called sapropelic Qpe. The main reasons for 
this conclusion are as follows. First, the wide extent of individual 
seams, particularly when it is realized that what remains is often only 
a fraction of what baa been removed by denudation following folding. 
Also the thickness and banded structure of the seam is uniform and 
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characteristic over a wide area. In fact the seams themselves are often 
Che most consistent deposits in Coal Measure strata. Further, as 
already mentioned, the seat earth forming the floor of the coal seam 
is generally penetrated by rootlets now fossilized. Again there are 
rarely remains of aquatic animals In the coal seams and an absence of 
detrital matter, other than "cleat spars” in the cleavage planes which 
probably found their way in after the laying down of the peat. These 
circumstances are inconsistent with an origin involving drifting 
vegetation deposited in lakes by stream and flood action although 
this origin fits in with the composition and situation of the catinel 
coals. 

The Coal Swamps or Peat Beds 
Examination of peat bogs now growing in many parts of the world, 
particularly in deltaic conditions, postulates humic coal seams as the 
product 0 ^ low-lying forest growiKs, very little above sea-level, in a 
subsiding area but continuous over vast areas. In short, a vast 
swampy area, akin to the Great Dismal Swamp of Virginia of the 
present day, but covering an area with the dimensions of the flood 
plain of the Amazon or the Ganges delta. The swamp area became 
cut off from the sea by sand or mud banks leaving an estuarine area 
of fresh or brackish water which was silling up end therefore very 
shallow. Water-loving plants like the mangroves became established 
in the shallow water, rooted in the silty banks and were of the 
Catamites and Siillhrta types (Fig- 57). These would supply the 
humus to build up a soil on which the ^ant Lycapods could grow, 
like Lepietodendron (Fig. 60), with a thick undergrowth of plants of 
the fern typo such as ffewapieris and Mariopteris (Fig. 58). “Vi- 
traln," the bright bands in "clarain” or bright coal was formed from 
the bark and woody tissue of these giant Lycopods as their trunks lay 
rolling in the stagnant, peaty waters. “Fusain” or "mothcr-of-coal” 
may have been formed from the twigs and branches partly rotted in 
the air before falling into the peat swamp, while the dull layers, or 
"durain" bands, in the coal were produced from macerated plant 
debris, generally waterlogged but occasionally dried out and so 
decomposed that only the most resistant cones, spores, cuticle (the 
outer skin or layer of leaves) and resins can be identified. It is 
evident that the Bright Coal or clarain, with vitrain bands, was 
formed by the coalification of vegetable debris where it grew, with 
no addition of detrital material, consequently the ash content of that 
portion of the seam which consists of clarain is low, the vitrain bands 
being particularly low in ash. The dull coal or durain bands probably 
consist of a mud of fine plant debris, with some detrital material 
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laid down on lop of the coal peat when it was inundated by shallow 
water, so that durain has a higher ash content. It has often been 
remarked that the bottom bands of a coal seam are soft and dull 
consisting of plant fragmeQts with an origin somewhat in the nature 
of leaf^mould. Above this comes Bright Coal with bands of viliain 
with much larger plant fragments and woody structures retaining 
a compressed cellular structure together with both female and mule 
spores (macro- and micro-spores). The top portion of the seam 
consists of dull coal with much spore material and plant residue. 
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Between the bands is a soft, black, powdery materiel which readily 
soils the Bngers and is known as ftisain, motlw-or<oal or mineral 
charcoal (Fig. Si). Microscopic examination shows it to consist of 
cellular tissue with opaque cell walls which distinguishes it from the 
cellular structures preserved in claraln, which are translucent. The 
cells may be empty or filled with mineral matter, ankerite or pyrites, 
and f\jsain has consequently a high ash and sulphur content, the 
former reaching thirty per cent. 

Next to the roof is often the transition layer of bastard coal or 
batts representing the last vegetation or drifted vegetation immedi¬ 
ately afterwards drowned by the renewal of subsidence during which 
the coal peat was overwhelmed and covered with successive layers of 
muds, sands, etc., until silting up allowed the re-establishment of 
vegetation and the renewal of coal peat formation and the genesis 
of yet another coal seam. In some cases the tep layer of a seam 
consists of cannel or **sp]int" coal. This occurs in lenticular bands 
and results from erosion of the top peat layer with the formation of 
a local lake into which drifted plant debris in a finely divided state 
and in which Ash remains often occur. 
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As successive layers of vegctailort were piled up in the peat bog 
compression of the lower layers occurred, as it occurs also in peat 
bogs of the present day, llie reduction in volume resulting from 
compression amounting to as much as eighty per cent of the original 
volume. When covered by further material in the form of mud and 
sand, which afterwards became Coal Measures strata, increased 
ccmpre&sion occurred and it has been postulated that at least IS ft 
of vegetable debris was required to produce each foot of a coal seam. 

On the other hand the origin of the sapropelic coals, cantiels, 
bogheads and lorbunites. is entirely different, The cannels consist 
of drifted vegetation in a highly disintegrated condition deposited in 
lakes In small clearings oficn on the surface of coal peal. They have 
no scat earths. They are dull and greasy in appearance with a 
conchoidal fracture. They are generally lenticular in slxapc, which is 
to be expected from their very local extent, are high in ash owing to 
delrital mineral matter being deposited with the vegetable mud, 
and the remains of fishes and other aquatic animals are fairly com¬ 
mon. The torbanites and bogheads are similar in origin but are 
browner and tougher and they contain fossil algae. 

Mineral Matter in Coal 

This has three origins. First, all growing plants contain not more 
than 1 per cent of ash or mineral matter and this of course is inherent 
in the coal substtnee and cannot be s^araicd by any coal-cleaning 
process. Secondly, a certtin amount of fine mineral matter, such as 
clay, became entangled with the coal peat by infiltration or by wind 
action end became cither disseminated generally throughout the 
seam or concentrated in the form of thin dirt bands between llie 
difierent coal layers of the seam. In this case coal-washing can 
remove some of this mineral matter, particularly if intergrown coal 
and dirt is separated as a "middlings” product and is then crushed 
to disentangle the two and rewashed. 

Vitraln, produced from the bark and tissue of fallen tree trunks, 
has little added or "adventitious" ash and therefore the ash content 
of these bands or layers in a coal scam is generally little more than 
the inherent plant ash of one per cent. Similarly the clarain or 
"brights" which contains a high proportion of vitrain, also has a low 
ash, but owing to the presence of cleat pUnes containing spar in the 
form of ankerilcs, (carbonates of calcium, magnesium and iron), at 
fairly close intervals, the ash content is of the order of three per cent. 
The durain or dull coal bands generally contain 1^ cleat spar as the 
cleat planes are further apart in these than in "bright" coal but more 
infiltrated clay minerals became entangled in the macerated plant 
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debris fn p^ty water from which it was derived and consequently 
the ash in duraio is seldom less than four per cent and may Iw 
considerably higher. Fusain generally has a high ash content since 
the wood cells, of which it is normally composed, contained not 
carbonaceous matter like the wood cells in vftrain but mineral 
matter, often aokerites or pyrites. 

Variation of Thickness and Splitting of Seams 

On what was originally the edge of the coal swamp conditions for 
peat fornuition would not be so favourable and there would be a 
greater chance of admixture with detritai, sedimentary materi:il. 
This explains the thinning and deterioration of seams encountered on 
the edges of I he original peat areas. A further cause of thinning was 
local elevation of part of a coal swamp by earth movement and 
erosion by wind and weather of (he upper portion of the peat before 
general subsidence again took place and the whole area was buried. 
In addition elevation would generally render conditions unfavourable 
for peat formation so a thinner seam would result in any case in the 
area elevated. This deterioration and thinning of seams is common in 
most coalfields and an example is that of the Tod Kard-Bamsley 
seam as it passes into West Yorkshire as the much Werior Warren- 
house seam. 

It is extremely probable that the Lancashire and Yorkshire Coal¬ 
fields were portions of an extensive coal swamp with a centre some¬ 
where in the region of the Pennines, so that a larger and richer por¬ 
tion has been denuded following the uplift. This is borne out by 
evidence that secondary or impersistent seams are absent on the west 
of the Lancashire and on the east, concealed area, of the Yorkshire 
Coalheld. There is also some evidence of seam deterioration, though 
not necessarily thinning of seams, in the same directions. This is 
consistent with a swamp centre somewhere in the locality of Buxton 
as the centre of a complex Coal Measure age geosynoline. This 
probability Is important in assessing the possible reserves of coal in 
the conceded areas of both coalfields, the seams of the Durham 
Coalheld also appear to thin in an eastward direction and under the 
sea, the seams Mow the Hutton being particularly affected, but the 
Main, Seven Quarter and Five Quarter above are also involved. 
Thinning of seams has also be^ remarked very frequently under a 
*'rock,** sandstone, roof and also when sandstone forms the Aoor of 
the seam. It is likely that, in the latter case, this Is because the 
original sandbank would be higher and probably better drained than 
the surrounding swamp and therefore a poor site for peat accumula- 
tioQ. As subsidence proceeded, however, the sandbank would 
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become engulfed in the swamp but the coal seam produced would be 
thinner over the area covered by the sandbank, 

Streams meandering across the coal swamp would cut a channel 
through at least the upper portion of the peat replacing it by ^ty 
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sediment {Fig- 82). This would afterwards result in a thin scam 
along the sinuous course of the stream. If the whole of the peal was 
removed, a ''washout “ again following the ori^oal course of the 
stream, would be product. These are common in all Che coal¬ 
fields. ]n other similar examples a split seam may rejoin, the two 
thin portions of the original seam rejoining on the other side of the 





original valley and the enclosed silt, being less compressible than the 
peat, producing a lenticular mass of sandstone b^ween the seams 
(Fig« 83). 

The differential movements of the different portions of a coal 
swamp were also the cause of the splitting of coal seams. Dirt 
partings between the different layers of a seam may thicken, often 
rather quickly, and the coal layers may then become separated by 
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many yards of sedimentary strata, the coal layers then taking on the 
appearance of separate individual seams. An outstanding example 
is Ihe splitting of the Ten Yard or Thick Coal of South Staffordshire 
to produce the separated seams of Cannock Chase already referred 
to and shown in Fig. 80, but splitting of seams is very common in all 
coalfields. 

Differential subsidence of a portion of the swamp through earth 
movement produced a deeper area into which the streams meander* 
ing over the coal swamps collected and deposited mud and silt. 
This would in time cause silling up of the depressed area and coul 
forests and peat production would be ro'established. During this 
period peat accumulation would continue in the stable area and 
would again spread over Ihe formerly depressed area. If the silting 
up was rapid there may be little loss of total seam thickness, but if 
silting up look place slowly a portion of the thick seam, continuously 
deposited in the stable area, may be absent in the split seam area. As 
folding commonly occurs repeatedly along the same axes, it is evident 
that splitting may take place a number of times as evidenced by the 
Thick Coal illustrated in Pig. 80. 

In addition to the washouts already mentioned, which affect a 
single seam only and which may vary from a few feet in width to as 
much as ten miles, very extensive and deep “washes" have been 
encountered which took place at a considerably later date than that 
of the peat formation and may affect two or more adjacent seams. 
There are also "rock fhults" produced by earth movement which 
caused a mass of heavy, partly consolidated sand to gouge out end 
replace the soft unconsolidated peat not yet coallfied. “Stringers" of 
eoal may be found intermingled with the sandstone. Some seams are 
particularly liable to these occurrences, especially chose with a sand¬ 
stone roof. A further possible cause of these interruptions was the 
rupture of the peat when in a partly consolidated, tough condition 
by tectonic movement, and the running in of quick*sand from above 
the peat bed into the fractures or tears produced. 

River erosion and glacial action during and immediately preceding 
the Ice Age has led to the erosion of coal seams, the effect being 
covered up by glacial drift deposited during the Ice Age. Such a 
washout occurred in the Team VaJley in Durham and has been 
encountered over a width of a mile and a half in the working of the 
Hutton Seam. 

Faults 

Faults produced by folding and earth movement in the coalfields 
of this country are commonly of the normal or “tension" type with a 
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hade of 70® to the horizontal, although overthrust or reversed faults 
are not unknown particularly in South Wales. They are however 
much more common in the disturbed Pas^e'CaJais arvd Ruhr Coal> 
fields of Europe. In the majority of the British coalfields the faults 
occur in two sets at right arises parallel to the dip and to the strike 
of the seams and also parallel to the main axes of folding which 
probably also has an effect on the direction of cleavage of the coal. 
This framedike type of faulting has been explained as the result of 
torsional stress. Many of the large faults are not continuous but 
overlap, one running cut and another commencing n short distance 
away and running parallel to the direction of the original fault. 
Branching and splitting up is common and although the general trend 
is in one or other direction at right angles, local swinging or change of 
direction Is frequent. 

Large faults often form the real or apparent boundaries of a coal' 
field, real if they bring an cider formation against the Coal Measures, 
i.c. large upthrow faults relative to the Coal Measures. This occurs 
when Millstone Grit and the Devonian are brought up against the 
Coal Measures at the northern boundary of the Yorkshire Coalfield 
and the Fife Coalfield of Scotland respectively. The large downthrow 
faults, bringing for example Trias against t^ Coal Measures as in 
the North Staffordshire Coalfield, form only an apparent boundary 
to the coalfield as the Coal Measures ma^ be, and probably are, 
present under the newer deposits. Much will depend on the relative 
dips of the two systems and the amount of denudation of the Coal 
Measures which occurred during the period represented by the 
unconformity between the top of the Carboniferous and the base of 
the Permo-Triassic. The Upper Coal Measures evidence the change 
taking place at the end of the Carboniferous from deluio and 
lagoonal to Continental conditions; and they also herald the begin- 
rings of the Hercynian orogenetic or "mountain building" earth 
movement which, away from the coalfields, produced intense folding 
and overihrustlng, but being less intense, t«nt the coalfields into a 
series of broad syndines and anticlines. During the Continental 
conditions which followed considerable denudation took place, 
particularly from the summits of the folds, and In places as much as 
12,000 ft of strata was eroded before the deposition of the Permian 
or Triasic strata. This erosion was of varying degree, increasing Co 
the south so that the Permian is deposited on the East coast succes¬ 
sively on Upper Coal Measures near the river Wear, Middle Coal 
Measures near Durham Oty, Lower Coal Measures near Darlington 
cn Millstone Grit near the river Tees and on Lower Carboniferous 
near Knaresborough. 
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The folding, faulting and intrusive dykes accompanying these earth 
movements did not, in the majority of cases, affect the Permian or 
Trias which were deposited in the calm following the storm and have 
a slight inclination only. Some posthumous faulting has however 
occurred, producing faults with a decreased throw in the Permo- 
Trias. In the Coal Measures themselves faults affecting the lower 
scams only arc encountered but these have a relatively small throw. 

The effect of faulting in accentuating or diminishing the water 
problem in collieries de^nds on the beds traversed by the faults and 
whether the fhult "leader” or crack is open or filled with impermeable 
"leather-bed” or clay. Faults of the former type tend to become 
drainage channels for underground water and particularly when 
thick porous water-bearing sandstones, either Triassic or Coal 
Measure, are traversed by the fault, its exposure in underground 
workings may cause a dangerous inrush. Collieries have been lost, 
with fa^ities, from this cause. On the other hand a fault may form 
a reliable barrier to prevent water from drowned old workings to 
the rise penetrating new workings to the dip. 

The igneous rocks of the dykes and sills associated with the 
Kercynian folding, which were in a few cases intruded into or 
near certain coal seams of the Durham and Northumberland 
coalfield and the Central Valley coalfields of Scotland, cause altera¬ 
tions of the seams in the vicinity of the intrusion. The seam may be 
altered to a worthless mess of cinder or it may. in the locality, be 
thermally metamorphosed to a higher rank through loss of volatiles. 
The alteration generally occurs abruptly and the area affected depends 
upon the initial temperature of the intrusion. 

THE RANK, COMPOSmON AND CORRELATION OF 
COAL SEAMS 

The type of coal iu a coal seam, as exemplified particulatiy in the 
composition of the bands of which it is composed, depends on the 
palaeobotanica] make-up of the particular coal swamp from which it 
is derived. 

The rank of the coal is something entirely different. It is a 
function of the degree of coalification which has been accomplished 
in that particular seam. That is, it is the measure of the distance along 
the ro^ stretching from plants to anthracite which that particular 
seam has travelled. Increasing rank of coal is marked by increase of 
carbon and decrease of oxygen content. 

The following are the compositions of the most important members 
of the range of fuels between wood and anthraoxte, on wbat is known 
as a dry ash-free (or mineral-matter-free) basis, which means that 
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moisture and ash have been eliminated before the analysis was 
carried out which divided the composition of the fuel into i ts separate 
elements. This process is indicated by the symbols A.F.D. or 
D.M.M.F. in the heading of the analysis. 


Fu«t 

Csrbdn 

Oxysen 

Hydrogen 

NiltogM 
and Sulphuj^ 

CateriOc Value 
(B.i.u./ib} 

WmkI 

SO 

42$ 

60 

l'5 

7,500 (air dned) 

PCBt. 

Sit 

34<8 

64 

20 

8,000 (air Cried) 

il|nlio 

7S«6 

190 

54 

20 

12,700 

Su^BItUfnlAOui 


14*9 

54 

\S 

13.500 

Siiuminooi 


72 

55 

14 

14,500 

S«nil<AnU'rncii« 

a9s 

45 

4'3 

14 

15.200 

AnUinciw 

W'9 

\i 

34 

1*2 

15,300 


Examination of the chemical and physical properties of thU range 
of fuels indicates that increase of rank is accompanied by-~ 

1. Increased darkness of colour. 

2. Increased lustre. 

3. Decreased transparency to light in thin sections 

4. Increase of calorific value. 

5. Increase of carbon percentage. 

6. Diminution of moisture content from 50 per cent in wood, 
90 per cent in peat In sllu. 30-^ per cent air dried, 25 per cent in 
lignite. 2^ per cent in bituminous coal and 1 per cent in anthracite. 

7. Decrease of volatile matter content. 

8. Decrease of oxygen content. 

The variation of oxygen content, which is very constant in modern 
plants, from 50 per cent down to 1^ per cent in anthracites, cannot be 
due to variation in original plant composition and rank would 
appear to be determined by reduction in oxygen percentage. If 
oxygen and carbon contents of fuels be plotted as in Fig. B4, the 
points will lie in a very narrow band about the curve shown and it 
is, therefore, apparent that geological change producing coalification 
is associated with oxygen loss. Age alone cannot explain rank since 
there are Tertiary anthracites and the same seam may vary in rank 
progressively when followed across a coalfield. 

Increased Rank is produced by increase of pressure and tempera* 
ture and both these are associated with increase of depth. The 
pressure increases approximately 1 atmosphere (14*7]b/in.^) for 
every 12 ft of depth and the temperature in accordance with the 
geothermic gradient of the locality, which in the British bles dver> 
ages 1®F for every 63J ft increase of depth. The maturing process 
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associated with rank increase in coals is accompanied by the climiDa* 
lion of COp HgO and methane, CH*, from the coal substance but the 
process is as yet not fully determined. 

Two geological causes of increase of rank may be distinguished. 
In the commonest, increase in rank accompanies increase of original 
depth of burial of the coal seam, which may or may not be related to 
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the depth at which it is now mined since denudation may have 
removed much of the original cover. Also if one seam in a coalfield 
increases in rank all others above and below it alter in rank sym¬ 
pathetically so that the effect is an areal one and not confined to one 
particular seam. Kilt’s Law, which holds for at least the great 
majority of the coalfields of the world, expresses the relation of 
rank to depth as follows—*In a vertical succession at any point io a 
coalfield the rank of the coals increases with depth.” Increase of 
pressure is probably of greater importance than increase of tempera¬ 
ture in producing increase of rank, but as mentioned above, both are 
operative simultaneously. 
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The second method is increase of rank produced by pre^ure and 
perhaps lemperature induced by folding associated with earth move¬ 
ment and is thus a type of Ihermo-dynamic metamorphism. The 
increase is gradual and progressive and again areal. The variation of 
rank of the coals of South Wales is of this type (Fig. 85), as is the 
anihracitation of the Cretaceous and Tertiary coals of the Western 
Coalfields of the United States by the folding which produced the 
Rockies. The maximum tectonic movement is not always directly 
associated with maximum increase in ranki since greater pressure 
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may be produced in the septa or sides of the fold although the maxi¬ 
mum displacement of beds may occur in the arches and troughs. 

Local an three! tation is commonly associated with intrusions of 
igneous rocks into or near coal seams as in the Central Valley Coal¬ 
fields of Scotland. The effect is sudden and the area of seam affected 
depends on the temperature of the igneous rock when it was Intruded 
and to a lesser extent on the magnitude of the intrusion, fn many 
cases instead of having increase of rank impressed upon it the seam 
in the vicinity of the intrusion is reduced to a cindered worthless 
mass. 

A knowledge of the structure of a coalfield is important both in the 
estimation of future reserves and in the planning of future workings 
to exploit the seams. Correlation of seams over an area and from 
one area to another then becomes necessary. The problem also 
presents itself when boring in a virgin area and when recovering a 
seam displaced by faulting. 
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The methods of correlation adopted arc many and varied and arc 
used simultaneously, much depending on the distance between the 
points to be correlated as to which method in a given case gives the 
most reliable result. 

The plants associated as fossils with the roof shales gives a broad 
classification of the Coal Measures, in descending order, into— 

Radstockian corresponding approximately with the Upper Coal 
Measures. 

SiftfTordian corresponding with the transition measures between 
the Middle and Upper Coal Measures. 



fio. IS. ThIK Sicno^f, AT KlOHT ANOUI TO THI BeDDlNO, OT 
COAI. COMTArNINO SMU'CaW (X 10) 

Yorkian or Westphalian corresponding approximately with the 
Middle Coal Measures. 

Lanarkian corresponding approximately with the Lower Coal 
Measures and the Millstone Grit. 

The identification is based upon the types of plants present and the 
proportions of all plants which occur. The method, however, is not 
much used for detailed identification within short distances. Closely 
related is the method of correlation by megaspore (female), and 
microspote (male), content (Fig. 86). 

Correlation by megaspores depends both upon certain spores 
being cbarecterisdo of certain seams and also upon the fact that the 
spore content of a seam is constant within reasonably fine limits. 
The identification of individual types of megaspores is by shape, 
oroamentatioo and proportions. The microspores are much smaller 
and must be extracted from a "pillar" sample of the seam by solvents. 
The different types are then separated and counted on a microscope 
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slide and the percentage of each type present is ascertained and 
plotted on a block diagram. Each seam has its characteristic 
microspore block diagram. 

At various periods during (he Coal Measure Age incursions of the 
sea occurred and in the thin shales then laid down appears a character¬ 
istic marine fauna. Five such bands occur in Lancashire and Vork- 
shire and are of the utmost importance as landmarks in the Coal 
Measure se<)uence as they are widespread over large areas. They are 
of particular importance in sinking and borings. 
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As with the fossil plants, but with much greater certainty, the 
freshwater mussels or lamellibranchs, Carbc/iieu/a, Anthraeonauia 
(f^g. 87) and Naiadltes, occurring in ironstone bands above some 
seams, may be used for correlation which is based both on certain 
species with a limited range and upon the different proportions of all 
“mussels” present. The Siaracleristic species whidi have been used 
successfully are, in descending order— Anthraconauia tenuis, A. 
phiUipsi, A. puichra and Carbonlcula similis together, A. modiolaris, 
C. communis and A. lenisulcata. 

For generations the following lithological methods have been 
adopted for correlation purposes by practical miners and engineers 
on the coalfield particularly over short distances. Firstly, the 
characteristic constitution and banding of the individual seams, and 
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secondly* the position in and the arrangement of the sequence of 
strata or suite of rocks associated with each individual coal seam and 
their relation to the marine and freshwater musscJ bands already 
mentioned. 

ft will be realized that correlation of the Lower and Middle Coal 
Measures is easier than in the Upper Coal Measures in which fossil 
distribution is very much more sparse. 


QUESTIONS 

1. Give leme account of the banded struuuro of coul wunii. 

2. Oivo on account of ihM mode of formation of coal cooms, 

3. Give an explanation of the variation ofthickneas and the splitting of coal 
seam. 

4. Give an account of IM type* of faulting encountered in the cCMlHelds of this 
country. 

i. what do you underaiand by the ’'rank' of cools? 

6 . CIvo an account of one method of correlating coal soami. 

T. Give an account of (he use of fossil “musaeti" jn the correlation of coul 
seams. 

6. Give some account of the importance of Marine bands in the correlation of 
coal seams. 


CHAPTER VIII 


THE MESOZOIC ERA AND LATER 
The New Red Sandstone System 

The continental conditions heralded by the red rocks of the Upper 
Coal Measures were established in this period, the prevailing colour 
of the rocks being red, indicative of arid ^sert conditions and 
absence of vegetation. The colour Is derived from dehydrated iron 
oxides produced by weathering. In normal conditions these are 
attacked by humic and other organic acids from decaying vegetation 
but these are absent in desert conditions and the oxides remain to 
colour Che eroded material. In addition, wind-blown millet-seed 
sandstones occur and deposits of gypsum and rock salt. 

In the period represented by the unconformity between the 
Carboniferous and Trias great earth movements occurred on the 
Continent, known as the Hercynion Revolution, which produced 
intense folding and overthrusting in Southern England with fold axes 
trending E.'-W. and at the same time the Pennine anticline was 
uplifted, probably along an older line of folding marking a continua¬ 
tion of the ancient Chamian axis. Accompanying these erogenic 
movements were igneous and volcanic activities evidenced by the 
granite bosses and mineral veins of Devon and Cornwall, the toad- 
stones and mineral veins of Derbyshire and the dolerite Great Whin 
Sill and mineral veins of Durham, Northumberland and Cumber¬ 
land. The folding and faulting are responsible for the preservation 
and the detached condition of the British coalfields in the syncli- 
noriums or basins in which they are now found. But the heavy 
denudation which occurred before the deposition (unconformably 
on the eroded Carboniferous landscape) of the lower division, the 
Permian, of the New Red Sandstone, now buried under' many 
thousands of fbet of New Red Sandstone in the deeper concealed 
coalfield areas of the Nottinghamshire, Yorkshire and the Cheshire 
basin, was responsible for the loss of a high percentage of potential 
coal reserves. Particularly on the eastern side the regularity of the 
base of the Permian indicates that denudation hod reduced the 
Upper Carboniferous landscape almost to that of a peneplain from 
Tynemouth to Nottingham. 

The continent to the north and west of Europe remained, indeed 
this continent albeit with a shifting coast-line, would appear to have 
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b«D m existence from Cambrian to Tertiary times, with sea to the 
south and east; and the accumulating produels of denudation and 
wind and torrent'borne material from the HercynUn mountain 
range was deposited on an area of dry land of relativ^y low elevation 
or into shallow landlocked inland seas of the Caspian and sea of 
Aral type, on the norih'east coast from Nottingham to the Tyne. 
Conditions were unfavourable generally to the development of an 
extensive fauna or flora, many of the Carboniferous genera died out 
and those which remained were impoverished through unfavourable 
conditions such as increuing salinity in the land-locked seas and 
absence of vegetation in desert conditions. Tracks of amphibians 
like the impressions of on outstretched hand left by labyrintiiodonts 
occur in the Kcuper shales, reptiles attain importance locally and the 
flnt mammals occur in this Period. To the south and east the marine 
facies was very strongly developed with the production of massive 
dolomitic limestones which give their name to the Dolomites of the 
Tirol. 

The New Red Sandstone System has been divided into two main 
subdivisions, Permian and Trias, of which the principal formations 
are^ 

/BhaKle Series 
Triei (KeuperSeriw 

iBunter Sandstone and Pebble 

The exposure in Britain is considerable. Starting on the Devon¬ 
shire coast it runs in a northerly strip to spread out in the Midlands 
covering the concealed coalfields and filling the deep Cheshire basin 
until at the base of the Pennines it divides into two strips up the east 
and west sides to the Tyne and round the north west of the Lake 
District with a break at Morecambe Bay. In Scotland and in Ireland 
only small isolated patches are exposed. 

The Permian deposits are different on the east and west sides of 
England. In tbe east the concealed coalfleld is buried beneath 4,000 ft 
of New Red Sandstone (Trias and Permian) immediately east of the 
Trent. In Nottingham wedges of Burner and Keuper overlap a 
wedge of Permian and rest directly on Carboniferous and older rocks 
in C^byshire and Leicestershire. Tbe ancient ridges of Chamwood i 
and the Loogmyod coofioed the terrestrial deposits to the north until 
a sufficient thickness had been laid down to overtop the ridges with 
the upper beds. The overlap of the higher beds on to older rocks 
took place in this manner. The Cheshire basin with its salt beds, 
woo by brine pumping, dcwnfclded as it filled with sediment. At 
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Plumley. 2.500 ft ofKcvpeT have been penetrated by boringi while at 
Heswell, on the Wirrall, 2,200 ft of Bunter has been proved. 

The Permian of the north*east coast has the Yellow Sands at the 
base entailing the use of the expensive but effective freezing system 
of sinking to enable colliery shafts to penetrate them and the Mag¬ 
nesian Limestone with its open fissures. The latter is a concretionary 
dolomite deposited in a land-locked sea, the deposition of dolomite 
indicating extreme salinity. Concretionary nodules of calcite occur 
in the “Cannon Ball" Limestone exposed on the coast between the 
Wear nnd Tyne. On the west side, in Cumberland, tlie Permian rocks 
arc of completely dllTcrcnt origin. The Penrith Sandstone contains 
two thick Imnds of Brock ram consisting of scrce-breccia of angular 
fragments of Carboniferous Limestone. The band at the base attains 
a thickness of 1,500 ft. The sandy portion consists of bright red 
desert sand with millet-seed and reorystallized sand grains. Near 
Manchester the Permian is represented by the thic^ CoUyhurst 
Sandstone up to SOO ft in thickness with the red and variegated 
Manchester Marls above. 

The lower division of the Trias, known generally as the Bunter. 
although absent to the south on the Devon coast, consists of reddish- 
brown to yellow sandstone known as the Lower Variegated Sand¬ 
stone. This is succeeded by the Pebble-beds, consisting of yellow or 
brown pebbles, larger to the south and diminishing to the north, of 
quartzite or grits from the Ordovician and Devonian, the majority 
of which appear to have come from the south and a lesser number 
from the west. Above this comes the Upper Variegated Sandstone, 
finer in grain and bright red in colour. The upper division is known as 
the Keuper, the lower portion of which consists mainly of sandstone, 
strongly false-bedded indicating rapid deposition, from which water 
supply is obtained by pumping from large diameter bore-holes, over 
30 in. in diameter, using vertical spindle and submersible pumps. 

The upper portion, known as the Keuper Marls, consists of bright 
red marls and shales in which gypsum and rock-salt occur in work¬ 
able quantities in Worcestershire. Cheshire and at BilUngham near 
Middlesbrough. In Nottingham and Yorkshire and on the southern 
border of the exposed Lancashire coalheld sinking of collieries in the 
past twenty years has been, and in the future will be, through New 
Red Sandstone deposits. Both the freezing and the cementation 
processes may find application, the former where Permian and the 
latter where Permian and Triassic rocks have to be penetrated. The 
later process consists in the injection of cement into the pores of the 
heavily watered sandstones, thus forming a watertight plug through 
which the shaft is excavated. 
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The topmost division of the New Red Sandstone System is the 
Rhaetic which marks (he transitioo (o the next system, the Jurassic. 
Before its deposition the configuration of the land had been denuded 
down to a peneplain and then the sea inundated the land suddenly. 
This is indicated by the fossil fish remains of tlxe Basal Bed resulting 
from the destruction of the fish life by the sudden change of conditions 
occasioned by the marine incursion and by the uniform thickness of 
the Rhaetic, about 40 ft, and its widespread uniformity. The red 
colour of the Triassie rocks changes to anaemic greens and greys of 
the Rhaetic which consists chiefiy of marls, laid down under marine 
conditions. Ammonites, though present in contemporaneous thick 
deposits in southern Europe, are not found in this country. 

Tlie Jurassic System 

Although the beginning of the Mesozoic era is taken at the be^n- 
ning of the Trias, thus dividing the New Red Sandstone period into 
two difTerent eras, yet the characteristic straa conditions and fauna 
of this era are better typified in the two periods that follow, the 
Jurassic and the Cretaceous. 

The end of the Trias marked by the Rhaetic occurred suddenly 
with a widespread marine Inundation and both the Jurassic and 
Cretaceous rocks, though generally of a marine type, are those laid 
down in a continental shelf sea area subject to rapid fluciuation of 
depth producing also deltaic and estuarine conditions and occasion¬ 
ally lacustrine and even terrestrial areu. These fluctuations were 
due to mild earth movements, more strongly marked on the Contin¬ 
ent where they determined the structure 0 / the Ruhr and Campine 
Coalfields, known as the Saxonian or Ommerian movement oecur- 
ring along a NW.-SE, axis, a continuation of the ancient Charnian 
axis which produced also local uncoafoimilies. 

The NW. continental land mass still existed and over East Anglia 
was an island or peninsula which was not submerged until the Chalk 
Sea spread over it at the end of the Cretaceous period and deltaic 
conditions including forests and peat swamps bordered the NW. 
continent. Neor the end of the Jurassic Period an uplift occurred 
which cut off the sea of Yorkshire and Lincolnshire from a basin in 
the SB., in which fresh* water lake conditions were established and the 
limestone of the Purbeck (Upper Jurassic) and the Wealden lacus* 
trine deposits were laid down. Further movement occurred and 
marine conditions transgressed over a wider area than in Jurassic 
times and the Cretaceous overlapped the Jurassic in many places on 
to older rocks. 

The Jurassic is exposed as a belt across England from Weymouth 
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to the mouth of the Tees, the belt being of grestest width near 
Leicester. The area of deposition was widespread and only a small 
portion remains but patches were preserved, often by Tertiary lavas, 
and occur in Scotland (Brora), the Hebrides and in Ireland. 
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The characteristic deposits of the Jurassic are clays and limestones, 
the latter being belter developed to the south and often being re¬ 
placed by clays in the Midlands and the north. The dip is generally 
to the east or 56. 

The succession has been divided into, In descending order-^ 

Upper Jurassic . . days with shelly or corallirN 

liciMctoMs aivd sands 
Middle Jurassic . . the Lower Oolites 

Lila.... Ltmestonee and days 

The flora and fauna of (he Jurassic are distinctive, the former is 
associated with deltaic and terrestrial deposits and is rich in cycads 
and ferns. Reptiles were plentiful including the gigantic Ichthyosaurus 
and Plesiosaurus, Dinosaurs and the flying P ierodac^ls. In Gennany 
the earliest birds aod in this country the earliest mammals occur in 
this Period. The fossils used for zoning and correlation, however, are 
mollusca, cepbalopod amroonitss (Pig. 58). and belemnites are also 
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common. Corals are abundant io the limestones, reefs flourished 
along the shore. 

The LUs, on which occurs some of the finest agricultural land in 
this country, consists of blue-grey clays and shales, often calcareous. 
The limestonce are dctrital, the result of denudation of older lime¬ 
stones, and were deposited near the shore. Ironstones are common 
and the clay and limestone mixtures produce cements. The lime¬ 
stones are generally below with the clays above. The ironstones of 
the north, in Uncolnshire and Cleveland, are very important. They 
are of iron carbonate and silicate which weather to Itmonitc. 

The Lias is followed by the Middle Jurassic with the Lower 
Oolites as the main members. These are shallow-water, current- 
bedded oolitic limestones in the south with clays which were deposited 
in deeper, more tranquil waters. The calcareous nature of the beds Is 
reduced to the north and sands predominate with fresh-water deposits 
above. The Oolites are divided into two series, the Inferior Oolite 
below and the Great Oolite above. In Yorkshire the deposits arc 
deltaic with sandstones, shales and thin coal seams and at Brora in 
Sutherland the thin coal seams have been worked for local supply. 
The beds of the Lower Oolites are of a variable and inconsistent 
character. 

Above comes a series of clays of the Upper Jurassic with shelly 
and coral limestones and sands, The bottom series, the Oxford clay, 
is very uniform and consists of a bluish clay on which is founded an 
important brick-making industry in the Peterborough district. The 
next series, the Corallian, is variable and consists of shelly, oolitic 
or coral limestones with clay bands in the south but, to the north, the 
clays predominate except in North Yorkshire where limestones are 
again important. The Kimmeridge Clay is next in the succession. 
This also Is very uniform and a dark grey or black shaly clay reaching 
a thickness of 400 yd in Oxfordshire. Above this comes the Port- 
landian limestones, including the Portland Building Stone, and yellow 
sands and then the PurbeckTan consisting of shales, marls and lime¬ 
stones with gypsum beds. 

The Cretaceons 

Although sedimentation was continuous during the Jurassic and 
the succeediog period, the Cretaceous, and there is no unconformity 
between the two systems in South Lincolnshire and Sussex, else¬ 
where there is unconformity with overlap, the break increasing to 
the W. and NW. 

The Cretaceous rocks of this country are exposed in a broad band 
from Dorset to Flamborough Head where they have a S. or a SE. 
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indmalion, with a band running off eastwards along Salisbury Plain 
to the coast and a narrow strip bordering the Hampshire Basin in the 
Isles of Purbeck and Wight. 

The escarpment of the Upper, dominant portion of the system, the 
Cbalk, is to the west overlooking Jurassic or Triassic plains and 
sinking under Tertiary or recent deposits eastwards. The system is 
divided into two portions—the liwer Cretaceous consisting of 
sands and clays and the Upper of Chalk. The transgression or the 
Chalk Sea westwards in Upper Cretaceous times (when practically the 
whole of the British Isles must have been covered, since patches of 
Upper Cretaceous occur on the borders of the Antrim basaltic 
plateau and below Tertiary basalts in Mull and Morven), overlapped 
most of the Lower Cretaceous which is exposed only in the north and 
south, and in addition, the central portion was land until almost (he 
end of the Lower Cretaceous (Fig. Z9). 

The Chalk consists mainly of comminuted shell fragments with 
some Foraminifera and microscopic calcareous algae, laid down in 
clear water which may indicate arid conditions in tlw lands bordering 
(he Chalk. The depth would not be greater than 600 fathoms and 
probably much less. Sponge spicules and layers of flint are associ¬ 
ated with the Chalk and the Lower Cretaceous flora is distinctive in 
the initial appearance of flower*bearing plants-^Angiosperms. 
Reptiles are common including Iguanodon. As already mentioned 
the lower divisions of the Lower Cretaceous were only deposited in 
the south and north and the type of deposit in the two areas is en¬ 
tirely different. 

In the southern. Weald area, the lower division, the Wealden, was 
laid down in fresh-water conditions in a lagoonal or lacustrine area. 
The succession and type of sediment is indicated in (he following 
table in descending order— 


Lower 

Cretocoous 


Lower Oreenssnd-^ variable serisi of sands and eleys. ofteo 
ealeaxeous, the sands sorMtimes sufubla for 
glass* making 

Waald CUy-~y«]low, brown or blue clay wirK shelly 
limes tones 

Wcaldan (Hastings Sand consisting or sands and Kft sandstones 
with 4 band In the middle with 
formerly important ironstonse 


The Lower Grceosand is marine and coloured by glauconite. It is 
present in the central portion and marks the breakthrough of the sea 
into the fresh-water area of the Weald. In the north, Yorkshire and 
Lincolnshire, the deposits corresponding to the Wealden and the 
Lower Greensand are all marine and consist of dark days or shales 
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in Yorkshire aod sandstones and limestones in Lincolnshire. The 
most important fossils arc the Belemniies which are utilized for 
zoning (Fig. 90). 
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The Upper Cretaceous which accompauied the transgression of 
the Chalk Sea to the west, which occurr^ not only in the vidnity of 
the British Isles but on a world'Wide scale so that the relative propor¬ 
tion of land to sea was considerably reduced, Is entirely marine and is 
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divide into a lower ar^laceous and arenaceous, clays and sands, 
portion and a calcareous, chalk, upper portion, 

The succession in descending order is^ 


Upper Creioeecus 


/Upper Chalk^ttaining 1,150 ft in thickness wth 
flint layers 

Middle Chalk—with marl beds and few flints 
Lower Chalk^ften grey at base and without 
flints 

Gault and Upper Greensand—comisting of clays 

and sands 


The Chalk is, of course, very porous and has been the source rock, 
with the impermeable Gault beneath, of London’s former water 
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supply, The water-table has been lowered hundreds of feet during 
the past century and only a small fraction of the supply cow comes 
from this source. Danger of pollution has also been increased. 


TTw Terrltry 

The dividing line betweec the Mesozoic and Tertiary eras occurs at 
the summit of the Upper Chalk, denuded away or never deposited in 
this country althou^ well developed in Denmark, sc that the 
Tertiary rests unconformably on the eroded surface of the Chalk. 
This era is differentiated by an increasing prepooderance of living 
genera of fauna and flora, The change was somewhat abrupt as the 
Cretaceous ended in an uplift which destroyed the Chalk Sea aad 


s-crs.7) 



154 


OEOLOGICAL ASPECTS OF MINING 


replaced its clear waters by the muddy waters from a great river 
running eastwards with consequent change of fauna including the 
appearance of placental mammals. 

The exposure of Tertiary rocks is very limited in the British Isles 
and the middle series, the Miocene, marked by great mountain¬ 
building tectonic movement, is not represented in this country, but 
Tertiary beds reach thicknesses of tens of thousands of feet in Asia. 
The erogenic movements in early Tertiary times were world-wide and 
resulted in the formation not only of the Alps but also of the 
Himalayas, Andes and Rocky Mountains. Although the elTects were 
much subdued in the British Isles, plateau basalts were extruded in 
Antrim and in Skye, Rum, Mull and Ardnarmurchan on the west 
cout of Scotland accompanied by swarms of dykes one of which, 
attaining 80 ft in width, (he Cleveland Dyke from Mull, extends 
almost to the east coast at Whitby. 

In the Miocene period uplift occurred producing a monocline with 
a westerly axis running through the Isle of Wight and the anticline 
cf the Weald. The northern land-mass, present with a fluctuating 
shore-line since Cambrian times, was engulfed at this period. 

The Tertiary rocks have been divided as follows, in descending 
order— 

f T _ Pllocend CrtM and Cromer Forest SorEes 

I Olljoceno—111* of Wight Umatonoi and marU 

Lower leruaty eocene—Bagehot Sends. London Oay and Thanet Sands 

The Eocene, exposed on each side of the Weald antidioe in the 
London and the Hampshire basins, consists of sands, clays and pebble 
beds laid down in a shallow sea. To the west the beds become 
estuarine. The Thanet Sands at the base are light-coloured sands 
above which comes the bluish-grey London Gay, 400-500 ft in thick¬ 
ness. becoming sandy towards the Cop and passing up conformably 
into the Bagshot Beds above consisting of light-coloured send with 
pebble beds, current-bedded. The beds above, the firacklesham and 
Barton Beds, are more strongly developed in the Hampshire basin. 
These consist of sands, partly estuarine and partly marine. 

The Oligocece occurs only in the Hampshire basin and represents 
a change from sea to land, the deposits consisting of brackish or 
fresh-water sediments including clays, marls and occasional lim^ 
stones aod lignites. 

The Upper Tertiary is represented only by the Pliocene, the 
Miocene Period being represented by the folding already menriooed. 
The Pliocene was a period of submergence during which shelly sands 
and gravels were laid down in a shallow sea with much false-biding, 
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represented by the different “crag'* beds with the Cromer Forest-bed 
Series at the top. This eonsisis of five beds with stumps of trees 
embedded 1 q clay which have been drifted into their present position. 
The two top beds were formed under arctic conditions and are some- 
timea considered to be Pleistocene although the climatic conditions 
of the Pliocene were becoming colder, heralding the coming Ice Ages. 

The Quaternary 

The Pleistocene. Glacial and post-Olacial deposits, represent the 
products cf Ice Ages and the genesis and development of man to the 
present day. The lce*sheet spread over the British Isles, with the 
exception of the highest peaks, north of a line from the Bristol 
Channel co the Thames. The deposits consist of drift and Boulder 
Clay, the pebbles of which indicate the point of origin of the glaciers 
which conveyed them. The track of the glaciers is also marked by 
erratic boulders and perched rocks. Kiver drainage was greatly 
modihed and diverted, e.g. the Dee and Che Severn, by ice blocks. 
The sQow-helds were situated in Scandinavia, the Scottish High¬ 
lands, the Lake District and North Wales. The power of the glaciers 
as agents of transport is exemplihed by passage over cols and necks 
well over 1,000 it above sea level of pebbles of Shap Granite to 
Yorkshire. 

Interglacial periods or period seems to have occurred in which 
warm water shells, animals of semi-tropical climates and primitive 
man established themselves. Changes ofseadevel occurred, probably 
through the weight of the ice«sheets, with recovery when these melted 
indicated by submerged forests, peat beds and raised beaches. 

The Post-glacial deposits are annotated by the remains, tools and 
ornaments of primitive man and his development in his successive 
cultures, Stone, Bronze and Iron ages. These begin the record of 
Pre-history leading to Historical times in which dates begin to have 
meaning. 

QUESTIONS 

I. Oiv« some eecount of the New Red SandstoM system and indicate iu 
importance to the coal mining eogiiteer. 

i. Describe the Jurassic system and mention the deposits of economic imper- 
taace found in thu system. 

3. Give ao account of tbe Cretaceous System. 

4. Give some accouiu of the type of d^osits sssoclatod with the Tertiary and 
Quaternary eras. 

5. Wbat do you understand by tbe terms Permian and Old Red Sandstone? 
What is their significance in connection with coal mining? 


CHAPTER IX 


GEOLOGICAL MAPPING 

At every colliery on adequate supply of mops produced by the 
Geological Survey, based on tho Ordnance Survey contoured mops 
of 1 in. or 6 in. to a mile, must be available. The Geological Survey 
map in commonest use is to a scale of I in. to the mile, but in coal¬ 
field areas 6 In. to the mile mops and in some complex arcus maps on 
a scale of 25 in. to the mile should be available; maps on a scale of 
6 in. to the mile, if available, must be provided at every mine, show¬ 
ing superficial and drift deposits; Mines and Quarries Act, 1954, 
Sect. 21, and Sect. 10 of the Coal and Other Mines (Surveyors and 
Plans) Regulations, 1956. 

On a smaller scale, being useful where a region of considerable 
extent is to be studied, is the ^ in. to a mile Geological Survey map. 
All students should procure a copy of that for the region in which 
they live and also that of the British Isles, to a scale of 25 miles to an 
in^. The latter is invaluoble in following the exposures of geological 
systems referred to in the preceding chapters. Regional Handbooks 
and District Memoirs, if available, should also be consulted with 
reference to the district or region concerned. 

Geologicol maps are of two types—"solid’* and "drift" editions 
(Fig. 91). In the former the mantle cf vegetation, soil and superficial 
deposits, except river alluvium, is assumed to have been removed so 
that the geology of the solid rocks below is revealed. In the latter all 
superficial deposits are indicated—glacial drift, residual deposits, 
river-gravels and terraces—thus representing a faithful picture 
of the ground as it actually occurs and obscuring much of the solid 
geology below except where rocks project through the superficial 
deposits as crags, bare patches of ro^ on hill-sides or are exposed 
by stream and river erosion. 

Generally the "solid" edition is of greater utility to mining engin¬ 
eers but the' 'drift" edition is probably of greater use to civil engineers 
and others when surface structures are to be built and will indicate 
desirable sites where strata suitable for foundations are present at sur¬ 
face. It is olso essential for safety where shallow deposits are rained. 

When a geological raap is used in the field it is necessary to 
orientate it with refereace to important land marks on the area 
covered by the map or by compass bearing. 



GiOLOGICAL MAPPING 


157 


The Indications on the map are those of the outcrop or locus of 
points at which a particular bedding plane or line of demarcation 
between two adjacent geological formations is at the same height 
^ve datum as the ground surface. The trace of the outcrop of a 
particular bedding plane will, therefore, depend upon the direction of 
strike and the inclination or dip of the bed and also upon (he surface 
configuration as Indicated by the contours on the map. 
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Thus if Fig. 92a represents an area whose configuration is indicated 
by the contours, consisting of two hills with a valley between, and 
Fig. 92^ represents the height of the floor of a coal seam above 
Ordnance Datum at intervals of 100 ft (stratum contours), the seam 
dipping uniformly to the SE., the parallel lines are then the stratum 
contour lines or sO'Called strike lines for the floor of the seam. Super¬ 
imposing one map over the other gives Fig. 92c in which the outcrop 
of the floor of the seam will be the thick line through the points 
a, l>, c, d, f,/, . . , the points being those at which the stratum con* 
tours and the ground contours /or tht sam$ height aboot O.D. 
coincide. 

Conversely, it is possible from the shape of the outcrop to deduce 
the inclination of the bedding-plane of the floor of the seam, and so 
from a number of such crops to deduce the geological structure of 
the rocks beneath. It is evident that both surface topography and the 
inclination of the bed will affect the shape of the outcrop. 
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Horizontal strata will give crops parallel to the surface contours 
while vertical beds will give straight-line outcrops irrespective of the 
surface coofifuration. fielv^en these two limits the direction of 
strike of the beds increases in influence on (he shape of the outcrop 




<«) 
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as the mclioalton increases. Although the inelination and the 
direction of strike of bedded strata are not constant over large areas* 
locally they may be fairly constant and this is often the case in the 
area represented by the royalty or "take** of a colliery. Although 
(he amount of inclination of a bed, true or apparent, is generally 
determined by means of some type of clinometer (Fig. 30), it may 
also be obtained from the depth of boreholes to a given stratum, 
for example, a coal seam, or from the height above or below datum 
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Where the workings in a seam are e^^iensive and as these have to be 
levelled to conform with the requirements of the Coal and Other 
Mines (Working Plans) Rules, 1956. Sects, 4 and 5, it is often 
advantageous to plot the contours for the coal seem relative to 
Ordnance Datum, the interval between the contours depending 
on the rate of full dip of the seam, the steeper the dip the greater 
the interval between The contours. The information obtained 
in this manner is often of value in forecasting changes in inclina¬ 
tion and strike and faulting which are likely to be encountered 
beyond the extent of the present workings. In dlfheull cases it 
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may prove advantageous to model to scale in plaster of Paris the 
workings of one or more collieries in a particular seam. Such scale 
models are useful in mine-planning not only In the particular scam 
but also in scams open above or below it in the geological succession. 
Fig. 95 shows such a model of workings, faults and changes in the 
inclination of the Parkgate seam in the Sheffield area. In horizon 
mining schemes similar models are particularly useful. 

For a bed of thickness t feet (Pig. 96), measured at right angles to 
the top and bottom bedding planes bounding the bed, the width of 
the outcrop on level ground w is r/sine I, where I is the true dip of the 
bed in degrees. If the ground also slopes the width of the outcrop 
will be increased or decreased according to whether the ground 
slopes in the direction of or contrary to the dip of the bed. Thus ifa^ 
is the slope of the ground, the width of the outcrop where the 

slope is io the same direction as the dip is ■ : - .f -r: where the 

^ ^ Sine (/ — o) 

slope is contrary to the dip the width of the outcrop 
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(Fig. 97). It is seldom possible to trace the complete outcrop of a bed 
in an area, but if the bed is dipping uniformly, the rate of dip and the 
bed contours may be constructed and the trace of the outcrop com- 
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pleted from the points of intersection of the bed contours with the 
ground contours of the same value. Thus in Fig. 98 a, b and c are 
portions of the outcrop of a coal seam. As b and c are points on the 
same ground contour, 700 they may be joined and is a strike 
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lin« in the scam and is the seam contour for 700 ft Parallel to be, ad 
may be drawn through a and this will be a strike line and the seam 
contour for 600 ft. The distance apart of these seam contours gives 
the horizontal interval and seam contours for 500 ft and 800 ft may 
be drawn parallel to the hrst two. The continuation of the outcrop 




can now be followed and is shown by a dot*and'dash line in Fig. 98. 
extrapolation for intermediate intervals of the strata and ground 
contours being used where required. The rate of full dip is 100 ft In 
the horizontal interval of 875 ft. or a dip of I in 8*75 in a direction 

Outcrops and Thickness of Unlfornly^DippiDg Beds 
Fig. 9$ shows the outcrop of the bedding planes between three 
members C, B and A in ascending order of a group of uniformly- 
dipping strata. Bed contours for the bottom of bed A, for the 
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junction of beds A and B and for beds B and C are shown in suc' 
cession from right to left on the side of the map and strike lines have 
been drawn across the map. Each strike line will represent 1 the 
bottom of bed -4; 2 at a level 50 ft below for the junction of bed A 
and 5 and 3 at a level 50 ft further below for the junction of beds 
B and C 

In this case beds B and C are each 50 ft in thickness as con be 
determined by comparing the strike lines for the top and bottom of 
each bed. The rate of full dip is given by the horizontal interval to 
scale between the strike lines for any bed. divided by the vcriicul 
iniervaL In this case the horizontal interval is 500 ft and the verticnl 
interval is 100 ft» so that the rate of full dip is 1 in 5 in a direction at 
right angles to the direction of the strike line» i.c. N.28 "W. 

In order to understand the geological structure of the iircu a 
geological section may be plotted from the outcrops in any rn^uired 
direction. To plot a section in the direction EF the straight edge of a 
piece of paper is placed along EFixA on it are marked the contours 
of the ground and the points at which the bedding planes between the 
beds .4».5 and C respectively outcrop. From a base line heights are 
set off at intervals of 100 ft to the same scale as the horizontal 
distances. The eross'section is plotted as shown, the bedding planes 
being set out at each point of outcrop so that the geological structure 
beneath the surface along EF is revealed. 

Unconformities 

Previously beds or groups of beds of strata dipping uniformly in 
the same direction have b^n considered, (hat is the l^s have l^en 
conformable. When new beds are deposited on the eroded surface of 
older beds an unconformity results and the two sets of beds generally 
have different directions of strike and different rates and directions of 
inclination. The two sets are separated by a plane of unconformity 
with an inclination and direction parallel to that of the dip of the 
newer beds but in actual practice, owing to erosion, the surface of 
unconformity is often uneven as a result of differential erosion of the 
older beds. 

Fig. 100 is a geological map of a small area in which the rock 
succession consists of conformable beds A, if, C, D and £ and an 
unconformable newer bed X. Strike lines are drawn at 100 ft 
intervals and for the beds Aio E, which are conformable and of 
thicknesses shown by the enlarged sootion of strata on the right*hand 
side of the map, the same strike lines with different values serve for 
the junctions of each pair of beds. From these it is apparent that 
each bed falls 100 ft in the 500 ft distance between the strike lines 
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SO that the true dip of the conformable series A~£ is 1 in 5 in a 
direction S.46*E. 

It is assumed that the plane of unconformity, which has been 
removed by subsequent erosion over a large propKtrtion of the area, 


rrsA A a 
Se«i* )nan»iOOOrt 

Fu. 100 

was originally a plane surface parallel with the bedding planes of the 
series of strata above, of which only patches of the lowest bed X 
remain. Strike lines marked V are drawn for this plane of uncon¬ 
formity which has a full dip of 1 in lOlJ in a direction S.?rW. It 
will be noted that the plane of unconformity, which is also the base 
of bed X, transgresses successively different members of the older 
series: (his is particularly apparent at the bottom of the map. This 
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transgression is the most evident indication of an unconformity in 
the field. 

From the map, sections of strata may be constructed in any 
required direction. If a direction from A“B is chosen, a straighi- 
edged strip of paper is laid tvith the edge along this line. The posi- 
ticds of the junctions between pairs of beds and of the contours as 
they cross AB are marked. The ground profile in the direction is 
now constructed by marking the points of intersection of the con¬ 
tours at the requisite heights on the section. To prevent exaggera¬ 
tion of dips it is preferable to use the same scale for both vertical 
heights and hori 20 ntal distances, in this ease an inch to 500 ft for 
both. The points of intersection of the junctions of pairs of beds arc 
now plotted on the profile in their correct position and height from 
the paper strip. The apparent dip of the Ms of the older series in 
the direction otAB (W.-E.) is seen to be 1 in 7 to the east and this 
may be checked by the distance apart of the strike lines in this 
direction on the map. Similarly the apparent dip of the plane of 
unconformity and o( the bed JSTis I in 10 65 to the west. The thick¬ 
nesses of the beds A, E and .("cannot be determined from information 
provided within the limits of the map but those of the other beds 
may be determined by drawing the strike lines for the bases of Che 
respective beds and then those for the tops of the beds in the same 
position. The difierences give the thicknesses and these are shown in 
the margin of Fig. 100. 

Faulting 

Fig. lOt shows an area with two rock successions, an older sequence 
A-E and an unconformable upper sequence A", Y and Z. The former 
is shown by constructing the necessary strike lines to dip NW. at 
1 in 5 while the upper sequence dips due south at 1 in 10. Two ^ults 
Fi and occur in the area, the latter affecting the lower sequence 
only and so was antecedent to the unconformity and the upper 
sequence but the fault Fj, displaces both sequences and so was later 
than the time of the d^osition of the topmost bed exposed, Z. 

Comparison of strike lines on either side of the faults indicates that 
F, hSLS a downthrow to the NE. of ISO ft and is a dip fault, i.e. 
parallel to the direction of the full dip of the lower sequence, while F^ 
is a strike fault throwing SE. 300 ft. 

Sections across (he map may be constructed as in the last example 
by marking on (he edge of a stra^ht strip of paper the intersections of 
the beds at outcrop and the contours. If the direction AB is chosen 
the cross-section shown results, the older sequence having an 
apparent dtp of 1 in 7*07 due west and the upper sequence a direction 
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of Strike due west. As the outcrops of the fault planes are shown as 
slrai|ht lines unaffected by surface configuration then they must be 
vertical and are so drawn on. the cross-section. Usually normal 
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faults of this type have a fairly h^h hade, the angle to the horizontal 
being commonly about 70°. When the fault plane, like a surface of 
unconformity, has a dip and strike its outcrop is slightly curved and 
depends on the configuration of the ground. 
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Folding 

!o the previous examples the straw has been assumed to dip 
unifonsly but this is rarely (he case over long distances and intense 
folding may occur in a particular area. It is clear that when the 
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rate of dip alters due to folding, the strike lines will not remain a 
constant distance apart. This is illustrated in Fig. 102 which shows 
symmetrical and asymmetrical folding of hve beds A-^E into a 
syncline followed by an anticline, the axes of the folds in this case 
being horizontal. The strike of twds is N. and S. The syncline on 
the west is synunetrical and the succeeding anticline is asymmetrical, 
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that i& the western limb is steeper than the eastern limb. The strata 
contours show that the rate of full dip W. - E. of the map are respec¬ 
tively 1 in 3*75 to the east. 1 in 3 25 to the east, tum-up of the fold, 
1 in 3*25 Co the west, 1 in 3*75 to the west, 1 in 3*25 to the west. 1 in 
2*5 to Che west and finally I in 3*25 to the east. 
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It will be noted that the upper beds outcrop on the higher ground 
near the axis of the syncline, while the lowest bed <4 is exposed in the 
river valley on the axis of the anticline. Cross-sections across the 
area indicating the structure may be constructed which will show the 
folding- Such a section from W. - E, at has been constructed by 
rearhing contours and outcrops on a straight-edged strip of paper 
and thicknesses of beds and depths above O.D. projected down on 
the section from the stratum contours. 
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la Fig. 103 the folds are symmetrical but are pitching due south 
with a pitch of 1 in 12*5- The beds of the western limb of the 
syndme dip at I in 2*4 in a direction S.73°E> in the eastern limb of 
the syncline and in the western limb of the adjacent anticline they dip 
at! in 2*4. S.78°W. and hnally they dip 1 in 2*4 in a direction S.78”E. 
in the eastern limb of the anticline. The stratum contours for the 
junctions of the beds A. S and C are shown on the upper and lower 
margins of the map. It will be noticed that the oldest bed A is 
exposed in the MW,. NE. and SW. eomers of the map and also has a 
very small exposure in the middle of the outcrop of the bed above. B. 
SE of the centre of the area. By marking on a siraight‘cdgcd piece 
of paper a cross«sectlon may be constructed to indicate the geological 
structure. This has been carried out for the direction AS west to 
east across the area in Pig. 103. The apparent dip of the beds in this 
direction is 1 in 2*3 east and west respectively. 


QUESTIONS 

1. DeserJM the two types of geoteekel map available to the mining engineer, 

2. The No. I plan below shows surim eomoura with level valUM in Ceet above 
OrdnetMe Datum, posllieni of three borehole* B and C and the depth hom 
the surface to No. I seam at each borehole. 

Assume that the depth of the seam Is uoilbrm and that there are so ibults. 
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Mwmine by a |caphieal method bearii^ and full dip of the seam and plot 
a sectiOQ along the line AT/ to a scale of din. — 1 mile for horizontals and 
I in. * 200 A fw verticals, showing the profile of (be surface and the position of 
the seem. 

The No. 2 plan below shows surfkce contours in Aet above Ordnance 


NeS PLAN 




Datum, points A and B where a seam outcrops and the position of a fhult at the 
surface. 

The dip of the seam on each side of the fbuU Is 1 In 2f in a direction due South. 

Draw oa the plan Uw outcrop of the seam on each side of the fault and mark 
on the fkult an arrow iodicating the direction of throw. 

4. Show by a diagram how an unconformity would be revealed by a geological 
map. 

i. Ulustrale by means of a diagrara bow faulting eaa be discovered by ibe use 

6. ^ow by mcau of a diagram how folding can be discovered by tbe use of a 
geological map. 
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MINERAL DEPOSITS OF ECONOMIC IMPORTANCE 

In addition to coal the principal substances obtained by some method 
of mining and quarrying arc the ores of metals, building and roud 
materials, salt, gems, abrasives and phosphates and nitrates for the 
chemical iitdustries. Broadly speaking these materials may be said 
to occur in two ways; as tabular deposits including beds and veins 
or us non-tiibular occurrences gcnericuily known as “masses.** 

BEDS OR SEAMS 

A "bed" ora**3eam*' is some special number of a series of stratified 
rocks deposited by one of the methods by which such deposits arc 
laid down which, by reason of its lithological composition or the 
concentration of certain minerals in It. has a value in commerce, 
The bed may vary considerably in thickness, become unworkable at 
a proht by reason of tlie occurrence of valueless partings or gradual 
change in lithological composition but generally speaking it is more 
uniform both in workable thickness and in composition than a vein. 

Many of the most important mineral deposits are beds containing 
a very small proportion of some metal but representing nevertheless 
an unusual concentration of that element elsewhere widely dispersed 
with a very low concentration; thus gold with an average concentra¬ 
tion in surface rocks of 1 in 100,(^,000 becomes a commercial 
proposition when its local concentration reaches I in 100 , 000 . 
Similarly copper with a dispersed concentration of 1 in 10,000 
becomes a paying proposition at 2 per cent. On the other hand iron 
needs a concentration over 18 per cent to be worthwhile. For 
materials of low market value, like building and road stone and lime¬ 
stone, practically the whole bed, which must hove considerable 
thickness, must be saleable and the waste material or overburden, 
which must be removed to exploit the commercial stone, is strictly 
limited, although these limits have been extended with the introduc¬ 
tion of mechanized methods of material removal such as mechanical 
shovels, draglines and scrapers. 

Building and Road Stone 

The main requisites of a building stone are durability and strength. 
Generally a medium-grained rather than a coarse-grained rock is to 
be preferred if alternative supplies are available. For wail stones and 
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flags a flag gy sandstone vdth well-marked bedding is required, while 
for ashlar freedom from joioting (freestone) is desirable. Artificial 
stone and concrete have replaced buildiAg stone for a number of 
purposes, such a$ roadway kerb, and this has increased the demand 
for sands and gravels and for crushed stone. 

For road metal compactness, resistance to abrasive wear and good 
weathering properties arc required and, pariicutarly. ability to bind 
well with tars and other oil-residues to give the macadainized sur¬ 
faces of modern motorways. Igneous rocks sucli as dolorite. 
dioritc and gabbro are the most popular. Limestone is also used 
particularly ns such roads dry quickly but the chief uses of this 
material are us a flux in iron-smelting and for the production of lime 
for agriculture and building. 

Metamorphosed shales in the form of thin slates are the best 

i osslble roofing material for buildings but many local fine-grained 
agsiones are used for the same purpose. Artifleial tiles are best 
considered witli bricks as their mode of manufacture is similar. 

Brick Clays 

Clay, the ultimate product of the weathering of igneous rocks, 
consists mainly of hydrated aluminium silicates, and for building 
bricks, alkaline fluxes in small quantities are also required to form 
a silicate glass to bind the particles together at a reUtlvely low 
temperature. Shrinkage in drying must not be excessive and may be 
counteracted by the addition of burnt material 
when it is mix^. 

The bricks may be moulded or wire-cut from a clay column forced 
through a die by a mechanically driven worm (pug). The bricks are 
then dried, in the older hand-worked yards by exposure to the atmos¬ 
phere but in modern yards in drying corridors steam heated or heated 
by waste gases from the kilns. Kilns differ widely in details of con¬ 
struction and operation, they are intermittently or continuously 
fired, the fire passing from chamber to chamber round the kiln 
continuously. In tunnel kilns the bricks are loaded on to cars which 
are moved very slowly through a furnace. 

The clay often contains carbonaceous matter which reduces fuel 
consumption as in the Oxford days which contain bituminous 
"knots.*' These clays are used in the production of very large out¬ 
puts of so-called "netlon” bricks, the plants being highly mechan¬ 
ized. Coal Measure shales are extensively used for brick making and 
(he carbonaceous matter they contain economizes in fuel conaump- 
lioQ but the amount must be constant or the burning of the bricks 
cannot be controlled and wastage becomes high. 
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Below ceriain coal seams non-alkaline llre*clay$ occur which have 
refractory properties and are used in the manufacture of hre bricks. 
Canister, which has a silica content of over 90 per cent, is used for 
making the highest grade of refractory bricks and furnace linings, as 
also is magnesia. For ceramic ware china clay from disintegrated 
weathered granite is used although ordinary clays may be used in the 
manufacture of drain pipes and coarse earthenware. Bauxite. Al$ Og. 
is the commonest source of aluminium and the availability of a 
sufficient supply of electricity for electric furnaces is a necessily. 
Hydro*electrIc stations have been erected with this object as their 
primary purpose. 

Ore Deposits 

An ore is a mineral or rock containing one or an aggregate of 
minerals capable of being mined at a profit and although particularly 
important in connection with the supply of nutals also includes non- 
metals. The ores include deposits fbnoed in a number of different 
ways, some of which are still the subject of discussion, varying from 
chmicol precipitation or desiccation, and occurring as a special type 
of sedimentary rock, to solidiheation or crystallization as part of an 
igneous rock. 

They may first be divided broadly into primary and secondary 
depcsits, the former bein^ those in which the mineral deposits have 
been formed in the positions in which they are now exploited, 
whereas the latter are those In which the minerals have been trans¬ 
ported by some means to their present position from (heir place of 
origin. 

The primary ore deposits have been sub-divided into— 

!. Magmatic, produced directly by crystallization and segregation 
from an igneous magma and retaining an obvious correlation with 
the parent magma. 

2. Pneumatolytic, produced by gaseous emanations at high 
temperatures which react with the cooled margin of the igneous mass 
end with the heated rocks into which the magma has been intruded, 
known in metal mining as the '^country'' roc^. 

3. Hydrothermal, produced by ascending solutions of high, inter¬ 
mediate or low temperature rising from a cooling igneous rock. 

The secondary ore deposits may be subdivided into— 

(a) Supergene, those precipitated from surface water percolating 
downwards or by desiccation of surface waters. 

(b) Residual and detrital—produced by the removal of soluble 
material by denudation or the gravity sorting of sediments by water 
action. 



MINERAL DEPOSITS OP ECONOMIC IMPORTANCE 175 


Primaiy Ore Deposits 
Maomatjc 

In order to achieve the necessary concentration of a mineral of 
economic value in a cooling magma some process of differentiation 
must take place. Broadly speaking the constituents of an igneous 
magma separate in a dennite order and of the ore minerals some 
separate early (at high temperature). Among these are nickel, 
chromium and platinum, while the others crystallize late (at lower 
temperatures) since these, like lead, tin and zinc form more volatile 
compounds. The cause of segregation due to diHerenttation may be 
one of the following-^ 

1. ImmiscibUity of the constituents of a molten igneous magma, 
particularly sulphides and silicates, in the same way that oil and water 
and molten iron and slag are immiscible and separate into distinct 
layers. 

2. Sinking under gravity of the heavier, basic crystals, which form 
first, through the still molten remainder of the magma producing 
gravity segregation. 

d. Crystallization taking place at the cooling boundary of the 
magma, the crystals being fhd by convection currents diffusing to 
the margin to make good the redu^ concentration of that particular 
constituent in the liquid there. 

4. Filtration differentiation of the lowest freezing«point minerals, 
through the squeezing of these due to pressure from earth movement, 
through (he crystalline mesh of the minerals of higher freezing-point 
which have already crystallized out. 

5. Overhead magmatic stoping by the magma, fusing and assimi¬ 
lating the country rock into which it is intruded. 

Tltf iron-ores of Scandinavia, the platinum of the Urals and the 
diamonds of the Kimberlite or blue ground, an ultra-basic igneous 
rock rich in magnesia, of South Africa and other parts of the world 
are of the magmatic type. 

Pnbumatolytic and Hydrothermal 

From the cooling magma emanations ascend which are gaseous 
if the temperatute is high enough or hydrothermal if lower. The two 
types are, therefore, closely related. They consist of water, always 
in gaseous form whatever the pressure above 365*C, fluorine, 
chlorine, boron, sulphur and phosphorus which accompany the late 
stage in the cooling of a magma, particularly acid magmas like 
granite. These cause secondary changes in the minerals already 
formed and in the country rock resulting in the formation of a 
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ch&ractenstic suite of minerals giving useful indication to the pros¬ 
pector and including tourmaline, topaz and fluorspar together with 
quartz and calcite. Cassiierite (tin oxide) occurs In this manner in 
Cornwall, Wolframite, the ore of tungsten, occurs in the same way 
and Kaolin (china clay) results from the decomposition of felspar. 
Hydrothermal deposits, produced by the reaction of ascending 
solutions, represent the flnal stages in the intrusion of an igneous 
magma. 

These solutions may find their way great distances from their 
parent source but eventually they deposit their dissolved minerals in 



cavities, Assures, fault planes and between the grains of porous and 
crushed sedimentary rocks. They have been divided into three types, 
the first being the high*teinperature deposits which occur in the zone 
of altered country rock, or metamorphic aureole, round the magma. 
The ores which occur in this zone arc sulphides of iron (pyrite), lead 
(galena), and zinc (blende), which are found together. The 
Broken Kill, South Australia, British Coiumbian and many Canadian 
deposits are of this type. Copper, bismuth, antimony and arsenic 
with gold and silver also occur in this zone. 

The next, or intermediate, temperature zone has a less deep-seated 
origin than the previous zone and is associated with igneous rocks 
of the hypabyssal and volcanic types. The minerals commonly 
associated with this zone are quartz, calcite and barytes and the ores 
are those of copper, lead and zinc, the former associated with gold 
and the latter wi^ silver. The gold saddle reefs of Bendigo (Fig. 104) 
and the silver-lead deposits of Colorado are of this type. 

The last, or low-temperature zone generally occurs at shallow 
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depths. The minerals, deposited in fissures and cavities and known 
as veins, exhibit a symmetrical structure with bands of crystals of 
different minerals on each side of the fissure (Fig. 105). I^d and 
ainc occur in this zone in narrow veins in joints and cavities in lime¬ 
stone in Derbyshire, Durham and Cumberland along with fluorspar 
and barytes. It would appear that hydrothermal emanations can 
carry more lead in solution than zinc when the distance from the 
parent magma is considerable, and in the deposits previously men¬ 
tioned the connection with the parent igneous rock is remote and has 
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yet to be established. Mercury, antimony, silver and gold also occur 
in this zone. 

Secondary Enrichment 

Many mineral ores occur as sulphides and when exposed to the 
weathering action of percolating rain water, with dissolved oxygen 
and carbon dioxide, reaction takes place. Ground water iin^ its 
way downwards through the rocks to the water-table and between 
this level and the surface oxidation and carbonation proceeds and 
the sulphides are converted to sulphates, carbonates, oxides and 
hydroxides. These are often soluble and descend leaving a weathered 
“gossan” from which the su Iphides have been removed. The descend¬ 
ing solutions encounter reducing conditions at and below the water- 
table and are again precipitated as secondary sulphides or as native 
metals. 

This zone 1$ known as that of secondary enrichment in which the 
Ofiginal mineral content may be greatly appreciated by the accession 
of this secondary material. Such an example is that of chalcopyrlte 
(CuFeS^. This is oxidized to copper sulphate and carbonate and in¬ 
soluble iron hydroxide. The sulphates descend and react with 
pyritc, FeS* and the chalcopyrlte to produce cuprous and cupric 
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sulphides in the secondary enrichment 2one. The reactions may be 
of the form— 

2CuFeSj -H 70, + CO, + 3H,0 

- CuCOs + CuS 04 + Fe,(OH), + 3S0, 
ICuSO* + 2FeS2 Cu,S + 2FeS0* + 3S 
CuSO, + CoFeS, - 2CuS + FeSO* 

Silver and gold in workable concentrations also occur in zones of 
secondaty enrichment or ^‘bonanzas” below a low grade primary ore 
in which the concentration is below the pay limit. 
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Mineral Veins 

The tabular bodies of minerals in which ores occur are known as 
"veins” or "lodes,” They often occupy ftiult planes or fissures and 
re^ be dislocated or shifted by other faults intersecting them (Fig, 
lOo). Veins, like faults, often occur in two sets at right angles and 
branches or olfshoots from the main veins are common. The 
infilling of the fissures and cavities in the country rock is by igneous 
intrusion, by pneumaiolysis, by deposition from hydrothermal 
solutions or from solutions at ordinary temperatures. 

This is very apparent in the vein shown In Fig. 105 from the Lower 
Carboniferous in which o, b and c represent beds of sandstone and 
limestone traversed by bands of calcite, d, zinc blende, e and galena,/ 
This vein has been formed by successive approximately symmetrical 
layers on each side of the fissure or crack, demonstrating that the 
order of deposition of the different constituents is definite. Subse¬ 
quent earth movement may cause re-openIng of the fissure and 
further layers of other minerals may be added to the origmal vein. 
Pieces of the country rock may become detached as at b (Fig. 107), 
and become incorporated in the vein. These are known as "horses.” 
In addition to these sharply defined veins in which the infilling 
material, valuable ores e and/and "gangue” or "vcinstuff" d, the 
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valueless portion, iq Fig. 105, ends off sharply at the sides of the 
original fissure, Uictc arc others in which the valuable constituent 
gradually fades into the surrounding country rocks from the fissure 
or “leader" a (Fig. 108). 

Instead of a single fissure or cUft there may be a group of several 
fissures more or less intersecting one anoto and the term vein is 
then applied to the whole of the sheetlike body of fissure materia] 
imprecated with some valuable ore. The vein may be a body of 
fault breccia or fault conglomerate cemented by minerab whi^ have 
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been deposited in the interspecei which originally existed between 
the fragments and In the cracks which traversed them. Such an 
arrangement of veins and offshoots or "stringers" is sometimes 
distinguished as a “stockwork" and is shown in Fig. 109. 

Although most deposits were obviously formed later than the 
country rock in which they arc found the particular mode of forma¬ 
tion is frequently difficult to disentangle and in some cases it is even 
difficult to decide with certainty whether the deposit was formed 
contemporaneously or subsequently to the country rock. For 
instance in some of the gold-bearing conglomerates, "baakeis," 
of the Rand the gold was deposited contemporaneously with the 
pebbles on a Pre-Cambrian shore and is thus a very old "placer" or 
supergene deposit due to gravity water-sorting, but in the majority 
of cases the gold has been deposited from hydrothermal solutions. 

Like a bed, a vein has dip and strike and as the dip is high, as with 
the hade of a normal fault, it is sometimes measured in degrees from 
the vertical and is then known as the "underlie," “un^lay" or 
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“hade.” The boundary planes of a vein are called the "walls” or 
“cheeks” and are frequently fault planes, their smoothed and 
striated appearance affording evidence of movement, and the two 
walls, through dislocation, may be of different rocks. 

The wall above a vein is called the "hanging wall,” <jb (Fig. 107), 
and the one beneath, cd. the “foot wall." As with faults it Is not 
unusual to lind a layer of clay, e/, between the lode and the enclosing 
rock and this layer is called “a selvage,” "dig” or “gouge." The 
country rock is lettered g in Fig. 107, 

Veins are of less uniform productiveness than beds and urc rarely 
worth working throughout. Rich portions alternute with poorer or 
worthless portions. Experience indicates that 
many conditions affect the productiveness of 
/ I — I mineral veins, especially intersections with other 

j > i ' V changes in thcnaiuro cf country rock. 

1 T I In the Alston district of Cumberland for cx» 

“ “ • — ample, the lead veins arc generally more pro¬ 

ductive in limestone than they are in sandstone 
Pio. ]I0. Oaih Vsim shales. Veins are often discovered in joint 
and bedding planes in limestone (Pig 110), and 
in cavities at the tops of anticlines and the bottoms of syn^ines, 
the saddle gold reefs of Bendigo (Fig. 104), being a notable example. 
They are similar to those igneous intrusions known as "phacoUtht." 



Secondary Ore Deposits 
SUPfiROBNB 

Some of these deposits, the limestones and the ironstones, have 
already been mentioned and it remains to note those others which 
have httn precipitated or cry5talli2ed out by supersaturation brought 
about by evaporation or by local chemical reaction, The products 
then take their place is normal sedimentary rocks, and being soluble, 
their preservation is often dependent on being covered quickly by an 
impervious bed of clay. The order of crystallization of soluble 
products in a land-locked sea or one with a bar which renders ingress 
easy but egress difficult or impossible, in the semi-arid conditions 
which characterized Permian and Triassic times in this country, is 
iron hydroxide, carbonates of Hme and magnesia, followed by alka¬ 
line sulphites with gypsum or anhydrite (CaSO^), at 37 per cent 
evaporation. Saturation for rock salt (NaCl), occurs at 93 per cent 
while the magnesium and potassium salts do not crystallize out until 
98 per cent of the water has been evaporated. The Stassfurt deposits 
of Genuany exhibit the complete sequence but elsewhere, including 
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this country, th« sequence is incomplete as in Cheshire, Worcester¬ 
shire, Middlesbrou^and Carrickfergus. 

Rock saJt is obtained by mining or by brine-pumping, that is by 
the controlled circulation of water through boreholes. Gypsum is 
won by mining. It is interesting to recall that one of the first uses of 
coal in the North of England and in Scotland was for the production 
of common salt from seawater. Local reaction and replacement 
phenomena are best illustrated by the ironstones already described. 

DEraiTAL Oft "PucBR'* Deposits 

The discovery of many parent ore bodies has been the result of 
working buck to the source along detriial or "placer” deposits. 
Metals, particularly when native, are both heavy and resistant to 
weathering and are found os residual or surviving deposits near the 
outcrop (shoad deposits) or in streams or river fiats through natural 
sorting because of high specific gravity. Gold, tin and platinum have 
been won by exploiting these placer deposits, the methods used being 
the direction of streams of water at high pressure by special jeU or 
monitors and the collection of the heavy metal by cross-riffles in a 
series of troughs or launders, or solution in mercury in the bottoms 
of the launders in the case of gold. They may also be exploited by 
dredging from shallow streams or by bucket elevators on the banks 
of rivers and streams. Two-thirds of the world output of tin, in the 
form of cassitcrite (tin oxide), is won by these methods which hive 
been carried on by the "streamers" of Cornwall from the beginning 
of the Bronze Age. 

Gem stones have also been recovered by these methods down the 
ages including diamonds in Brazil and South Africa, rubies and 
sapphires in Ceylon and topaz and tourmaline in Brazil and the 
Urals. Amongst the residual deposits bauxite, the most acceptable 
ore of aluminium, the importance to commerce of which in the light 
alloys bids fair to increase in the fbture, occurs in a restricted range 
of climatic conditions in which bacterial action removed quartz and 
silicates and left the alumina in a condition free from sUica, The 
metal is then reduced in electric hirnaces often supplied from an 
adjacent hydro-electrical station. 

MASSES 

Masses is a terra used as an omnibus one to denote deposits which die 
neither beds nor veins. It includes a heterogeneous ass^Wy of 
deposits such as bosses of granites, the blue ground or KimbCThtc 
diunond-bcaring volcanic necks and rOTlaccment ores like the 
haematites of Cumberland. The extent of masses can generally be 
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determined only by systematic diamond boring. The “stockworks,” 
those networks of small veins interpenetrating rocks to such an 
extent that the wliole must be excavated to extract the profitable ore 
(Fig. 109), are also sometimes included in this category. 

Troy WfiiOHT 

The concentration of valuable mineral in d vein, determined by 
some method of sampling of which the “spot" and the "groove" 
methods are most commonly employed, is necessary to determine 
whether the extraction will be economically worthwhile, and these 
concentrations, particularly in gold mining, are expressed in ounces 
per ton of material which is won from the vein which, to a large 
extent, consists of worthless veinstufforgongue. ThcTroy system of 
weights in which 24 grains « 1 pennyweight (dwt), 20 dwt ^ 1 
ounce ( 02 ) and 12 oz — I pound (Ib). which is the same as the pound 
Avoirdupois, is generally adopted. 


APPENDIX 

COAL WROUGHT AND COAL RESERVES IN 
GREAT BRITAIN 

SiNCS the dawn of coal mining in this country it may be esiimated that nearly 
30,000 millien teru of uleable coal have been mino^, the greoi majority since 
!S50, The eatimated tonnages sre— 

Previous to 1800 . 850 millions 

1600-1850 . , 2,000 mil Horn 

1651-1956 . 17,mmilUoni 

The total oaleeble output In 1955 was 221,6 million tons made up of a deep’/nined 
output of 210.2 and an opencast output of 11.4 mi Ition tor^ and in 1956 the total 
saleable output was 222.1 millions or which 12.1 million tons was opencast coal. 

The Coal ftaserves remaining have bean eatimated by Royal Commissions on 
Cool Suppliee on a number of occasions. 

Tho 18^1 Commission esumated the reeervea in the British UM to a depth of 
4,000 It as 90.207,000,000 tons In the proved and 56.273,000,000 tons in the 
concealed coiUelds with reserves below 4,000 ft. at 7,321,000.000 tons, total 
153.601 mlllloo tons. 

The 1905 Commission estimated the reserves to 4,000 ft in the United Kingdom 
at 149.636 million tons with reserves b^w 4,000 ft in the proved cooldelds of 
5,239 million tons, total 154,975 million tons. 

Estimates of reserves were also made by Strohan In 1913 of 179,000 million 
tons and in 1915 by Jevoos of 197.000 million tons. 

From the coal reserves put forward for valuation purposes under the Coal Act, 
1936. by which the coal royalties were nationalised tne ^uel Research Board wdth 
the aid of H.M. Oeologica! Survey Jus carried out a "Rapid'* or preliminary 
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wrvey (H.M. Suiioneiy Office, 194^, price 9d) of coal reserves, and concluded 
that the "developed reserves" are 20»3CX) millioo tons available fbr extraciion 
durine the next JOO years and that ample reserves of all claases of coal required 
exist lor considerably longer than this period, mdteatin| that doubts corweming 
reserves are not justified w at least this period. 

Dunni 1945 and 1946 fUgionai Survey Committees were set up in each coal* 
field or group of adjacent coalfields to loouire tnur aUa into the present position 
and future |nospe^ of the individual nelda. The reserves remaining In each 
field were estimated as closely as the available evidence permitted but many of the 
Committees emphasized the need for extensive boring programmes to determine 
with any degree of accuracy reserves in the corMeako fiew. 


The results summarized are as follows— 


Coalfitid 

Reserves 
(Mliuen lens) 

Remarks 

Kent .... 

2.Z01 


Prlitsl end Somerset 

19S 

1 & existlni lake*, boring Nduirad to 

FerescorDaen 

60 

aatimate total 

South Wales. 

1.200 

Excluding seams 12 to 24 in. 

Laleestv ind South 
Derbyihira 


Over 24 In, thkk only 

WsrwkUhIre 

S?S 

To 4,000 ft only 

South StafR. and Canneek 
Chase 

l.M 

To 4,000 rt only 

Shrepehire (Peraet of 
Wyre, Cealbreekdate 
and Sbrewaburvl 

I2S 

To 4,000 ft only 

Nerih SuiTordlhti^ 

1,616 

To 4.000rt onlv 

Houlnihemahire . 

4.6IS 

Proved 3,662. unproved 956. over 

North Darbyihlre . 

1.957 

24 In. thick 

Proved 1.S91. unproved 66. ever 24 In. 

South Yorkshire . 


thkk 

Proved 4.020, peailbla addiUei^ai 799 

Waal Yerkahira 

ifiVf 

Proved 1,677, ponibla sddiUenal 330 

lanetsbire and Cheshire 

2.«l 

To 3,600 R 

NertbWiM. 

S)5 

To 3.600 n 

Durham 

3.000 

Searrvi ovar IB in. thkk 

Northumberland . 

2,102 

Seami over IS In. thkk. proved 1,762, 

Cumbertand . 

533 

probable 340 

Proved 312. unproved and probabk 

Se^ihntl 

Lothlans 

1.230 

372 moitly undersea, over IS In. 
thkk 

Cenlral 

901 


Fife and Oackmannan . 

4.135 


Ayrshire 

1,146 


Total Unitio Kinooom 

44,756 



Tbe United Nations' Scientific Confereoce ontheCooservationand UbUzatioo 
of Rceourcee, held at Lake Success. New York in 1949, in the Mineral Resources 
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section pointed cut that those mineiAli in which world resources were low, 
without allowing for salvage, were chromite, copper, lead, zinc and tin. Coal, 
OB the other band, Is relatively plentiful since with a world outpu t of 1 ,S 10 million 
metric tons in I94fi. reserve of 5,ldS.CiOO million metric tons give a supply for 
2.200 years, allowing for S5 per cent loss in mining. Attention was directed to 
the geographical fbetors ofacces^bility, climate, water and power supply, labour 
and food supply and the juxtaposition of resources, in the uliUzailon of potential 
reserves where final cost to the consumer is the ulilmoie criterion. The trertd of 
modem meibods of discovery emphasizes the importance of geophysical methods 
of prospecting aa a prelude to systematic boriog programmes and attention is 
drawn to the saving in time and money by the use oT aercal methods of mag* 
netometer and gra^meter surveying where applicable and particularly in inac* 
ceasible tomin. 

Machanizition to an Increasing degreo is visualized as the solution lo rising 
costa of production. 
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QUE^ONS 

1. Give an account of minerals of economic importance, other than coal 
saama, assoelatod with the Carboniferous System of this country. 

2. Give an account of I be diHbrcnl types of Ore deposits and explain their 
mode of formation. 

3. What do you understand by (a) Primary Ore deposits, (3) Secondory 
deposits? 

< What do you understand by the following—(n) Secondary enrichment, 
(&) Masses, (c) "Placer*’ deposits? 


CHAPTER XI 


PROSPECTING 

In the British Isles the exposed coal-bearing formations are svell 
known particularly through the work of the Geological Survey. In 
the concealed fields, however, this is not the case, and as has been 
already mentioned, expensive boring programmes or other means will 
be required to determine the limits of these helds. Much useful 
information has already been garnered us a by*produet of the recent 
borings for oil In this country, particularly in Lincolnshire and 
Derbyshire In the Eakcring district. In less well gMlogically-serviced 
countries, however, and in the elucidation of minor problems such 
as the recovery of seams displaced by faulting and the search for coal 
accessible by open-cast methods in this country prospecting is 
required. Coal weathers quickly when exposed on the surface so that, 
except where exposed by deep valleys or in cliff faces, outcrops of 
seams are difRcult to dnd. 

The scams and associated shales and fire-clays generally contain 
pyrites and “ochrey" streams coloured by iron oxides produced by 
the oxidation of pyrites may, if followed, lead back to the coal out- 
erop. Ice-carricd fragments of Coal Measure rocks are of small 
utility as they may be found many milei from the parent mass. Fos¬ 
sils give reliable evidence but considerable numbers are requisite, 
partfcularly fVesh-water fossils, as there was considerable "spread** of 
fossils and they are of no great heb in the search for a particular 
seam. On the other hand if all the fonW evidence is marine then the 
presence of Coal Measure strata at surface cannot be expected. It 
should not be forgotten however that marine bands, of which the 
Mansfield already referred to is one of the best known, are of the 
greatest possible use in fixing the hori20n in the Coal Measure 
succession. 

As much of the solid geology of the district under exploration wiU 
be covered by rain-wash, vegetation and alluvium, the best possible 
use roust be made of such exposures that do exist in ordw w con¬ 
struct a geological map and sections of the region. These will include 
crags and bare rocks on hills or exposed by streams, colour of the 
soil, soil thrown out by burrowing animals and cuttings for railways, 
roads, well sinkings, drainage or other works. Vegetation, particu¬ 
larly trees, often exhibit a preference for certain formations and large 
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scalt geological reconnaissance by aeroplane has made use of this 
selection of certain strata by distinctive plants or trees, while the 
difference in the depth of colour of grasses, etc,, on different rocks 
has been found useful in (racing the junction betsveen dissimilar beds. 
In metal mining the mineral sort is generally more resistant to 
weathering and throughout the ages prospecting for minerals has 
employed the method of tracing “float"—pieces of the mineral 
sought broken off the parent moss by agents of denudation—back to 
its source. A further development of this is “punning," the examina¬ 
tion of river silt for native metals or heavy sulphides which ore 
separated out by water*washing in a pan 4 to i in. diam or in a frying 
pan. 

Trenching may have to be resorted to, from I to 7 ft in depth, to 
(a) obtain “float" under a cover of vegetation or silt (b) uncover the 
bed rock or a particular horizon or junction of beds. Trenches in 
mineral prospering are run at deflnite intervals of 50 to 500 ft at 
right angles to (he auumed line of strike of the ore body or the 
strike of an inclined coal seam. 

Probing by pointed steel rods may be used to And harder or softer 
minerals in a country rock of opposite hardness or to determine the 
depth of silt or other soft strata to bedrock. Pipes one or two inches 
in diameter with a cutting edge and a cap to preserve the threaded top 
may be used to take samples of the soil every foot of depth. Further 
pipes may be screwed on until hard strata which cannot be pene¬ 
trated is reached. Alternatively a hand-operated drill may be used to 
penetrate to a depth of about ten feet. Where the alluvium is too 
thick for trenching, test-pits may be dug and may attain a depth of 
100 ft. The material excavated is removed by a bucket wound out by 
a hand windlass and hemp or ^ in. diam wire rope. The pits are of 
small diameter, 2 ft 6 in. to 3 and a short-handled pick and shovel 
are used. 

Boring is the main tool of both surface and underground explora¬ 
tion but drilling is so costly that it is only employed when prospecting 
has already revealed the probability of the coal or mineral field looked 
for. Although fields of great richness, from which among others gold, 
diamonds and copper of great value liave been won, have been 
discovered by a happy chance or by prospectors of great experience 
and toughness but with the most primitive equipment, these more or 
less easy plums can in the future be expected to be few and far be¬ 
tween. More and more discoveries of new fields are the result of 
carefuUy planned prospects employing intricate and expensive 
scientific equipment and highly train^ specialists. This is particu¬ 
larly the case where the minet^ is covered by a great thicluesa of 
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overburden which may give no indication at surface of the of 
geological structure at depth with which the occurrence of the mineral 
is generally associated. This is the case in oil exploration and in 
searching for metalliferous minerals but these are not without 
interest in coal mining, as faulting and folding in the concealed fields 
under considerable unconformable cover of newer rocks may, 
perhaps with difficulty, be revealed by the same means and assist in 
the planning of future workings with greater certainty than hitherto. 

GEOPHYSICAL PROSPECTING 

These scientific methods of prospecting are known as geophysical 
systems and are used in conjunction with geological cooperation 
which indicates the limited areas in which the type of formation 
required is likely to be found. This may in turn suggest the method 
of geophysical prospecting most likely to be succeasfbi, although a 
combination or two methods, confirming or supplementing each 
other, is often used. This restriction of effort is necessary as geo¬ 
physical surveying is expensive in cost of instruments, and running 
expenses including in remote places the costly special accessories of 
camp life, though use of aeroplanes and helicopters can reduce (he 
cost very substantially. 

The basis of geophysical methods is the differentiation, usually 
abrupt, of some physical property as between rocks. These local 
variations or “anomalies'* naturally produced or artificially stimu¬ 
lated are generally small and require delicate measuring instruments 
whose results need skilled inierpretatioft. 

The four main methods employed are—(o) gravitational, (d) 
magnetic, (e) seismic and (d) electrical, depending respectively upon 
differences in rocks below the surface cf (i) density, (il) magnetic 
susceptibility, (iil) velocity of elastic wave propagation and (iv) 
electrical conductivity or electrical self-potential. 

Gravitational Methods 

In this method minute changes in the force of gravity are used to 
interpret strata distribution underground, such as those produced by 
the inser rocks of the core of an anticline compared with the rocks 
on the flanks, low density salt domes, rock faults, haematite and 
brown coal deposits. The instruments which may be used are—(n) 
Pendulums and crystal clocks for absolute measurement of gravity 
at stations, (b) Gravimeters which measure the change in gravity by 
means of the extenlion produced in a spring and (c) torsion balances 
which were first used by Baron Roland Von Edlvos in 1915. The 
basis of this instrument is a torsion wire suspending two weights on a 
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light bedm, one weight above and the other below the point of 
suspension (Fig. Ill), Both weights are attracted by the strata 
beneath, the lower weight being nearer is subject to stronger 
attraction than the upper, both attractions being in accordance 
with the inverse square law. The suspended system will turn until 
the torsion in the wire J balances the dilTerences in the couples due 
to the two weights. The instrument must be orientated in several 
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directions to determine the direction and magnitude of the force to 
be calculated. The changes in gravity measured are very minute 
amounting to one thousandth of a gal (Galileo), the gal being the 
strength of Held acting on a mass of 1 gram with a force of 1 dyne, 
thus one gal » 1 cm/s’ so that the Earth's Held is 981 gal and a milIU 
gal approximately I millionth of the Earth's Held. To interpret 
results they are compared with computed anomalies for dilTerent 
geological structures until a match is obtained. 

Magnetic Methods 

This is the oldest method of geophysical prospecting, being used in 
the seventeenth century by De Castro, and is the simplest and least 
costly in practice. It consists of measuring with portable nagnetO' 
meters or variometers local variations of the vertical and horizontal 
components of the Earth's magnetic Held, i.e. changes in the magnetic 
inclination and declination respectively. The basis of the method is, 
therefore, the differentiation of the magnetic susceptibilities of 
different rocks. The distortion of the Earth's field or the anomaly will 
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ooly be mftasur&ble if the rock structure responsible has a lar^e 
susceptibility, such as a ferruginous mass (Fig. U2), or dyke of basic 
igneous rock, such as basalt, containing a considerable (Quantity 
of iron. 

In recent years, however, the sensitivity of variometers has been 
increased to 5 gamma (100 thousand gamma ^ i o^rstead or c.g.s. 
unit). The chief corrections to be applied, which are particularly 
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necessary when employing the method to rocks of relatively low 
susceptibility where the readings are near the limit of the instrument, 
are those for diurnal variation of the Earth’s Reid and for temperature 
changes. 

Two systems of magnetic surveying may be eraoloyed—(o) with 
the swing of the needle in the direction of the Eann’s magnetic held 
when the susceptible structure is at one side of the magnetb proRle, 
(b) with the needle swin^ng at right angles to the Earth’s Reid so that 
only the vertical component of this field is effective. The maximum 
deflection then occurs directly over the susceptible stnicture. 

Modern instruments are generally of the magnetic balance type 
(Fig. 113). The initial deflection of the instrument due to the Earth’s 
field is counterbalanced either magnetically or by means of a weight. 
A magnet is supported so that its axis lies in a horizontal plane and 
perpendicular to the magnetic merldan, thus eliminating the effect 
of the Earth’s field horizontal component so that only the vertical 
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component tends to tilt it. This tendency 1$ neutralized by a small 
counterbalance weight, the position of which gives the reading 
taken by means of an optical system. The swing of the needle is 
damped by means of pure copper dampers. 

Seismic Methods 

These methods are applications of the same principles used in 
permanent apparatus at seismologlcal stations for recording earth¬ 
quake shocks to portable apparatus, which picks up and records 
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small earthquake shocks, artificially generated by firing charges of 
explosive in the area to be investigated. The observations obtained 
enable time-distance graphs to be plotted of the paths of the com¬ 
pression waves which have been reflected and refracted at surfaces of 
discontinuity between rocks before arriving at the recorders. 

These waves travel at difierent speeds in difierent formations and 
successful application of the method to the elucidation of the dip and 
folding of strata and the depth below surface of one or more particu¬ 
lar beds requires a large v^odty-raiio between the rocks under the 
area. The method has been useful in prospecting for oil by the 
location of salt domes under alluvium, of anticlines in limestones and 
deep granite basements. The presence of the mineral sought is, of 
course, not directly indicated but geological structures are revealed in 
which the proba^ty of its occurrence is to be inferred. 
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The method was first used by Minlrope in J9I9. For relatively 
shallow work, for example the determination of the depth of the rook> 
head below alluvium and drift for foundations of heavy surface 
structures or salt domes in oil prospecting, the refraction method is 
used. To elucidate deep'Sealed structures down to depths as great 
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as 20,000 ft the reflection method is adopted which is closely akin to 
echO'Sounding to determine the depths of the oceans. 

The apparatus and mode of procedure is similar whether the 
refraction or the reflection method is used (Fig. 114^ Explosive is 
fired in a borehole from ten to seme hundreds of feet deep in order 
to penetrate the zone of weathered strata in which the compression 
waves would travel at low speed, The recorders which pick up the 
refracted or reflected waves are also generally buried to shield them 
from wind and ether sources of interference. 

The mechaoical movement imparled by the waves to the recording 
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seismographs is converted to an electric impulse which is amplified, 
particularly the weak wave from deep-seated structures where the 
reflection method is used. An oscillograph is fitted and records the 
instant of firing the explosive charge which breaks a wire wound round 
the charge. The electrical impulses from the amplifier cause deflec¬ 
tion of the light beam of the oscillograph which then passes through 
a condensing lens and is photographed on a moving roll of sensitized 
film. At the same time light from a second beam is deflected by a 
metronome and records time intervals simultaneously on the film. 
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Groups of such recorders are distributed over the area under Investi¬ 
gation. Fig. 11 5 shows the principle of the refraction method applied 
to the search for salt dome structures. 

From the shothole S waves SA and SB pass to the recorders at A 
and S without penetrating the salt dome. Assuming normal strata 
the velocity of the waves would be of the order of 6 thousand ft/s and 
the velocity/time curve would be the line OFD and OFE respectively. 
The wave SC penetrates the upper strata, is refracted aM passes 
through the salt dome in which its velocity will be about 16 thousand 
fl/s and then again passes through the normal strata to the recorder 
at C The velocity/timc curve for this wave is OFCfi. The portion 
FG in the salt dome is less steep than iu normal strata by reason of 
the much higher velocity. 

The application of the reflection method is shown in Fig. 116. Two 
limestone bands give indications on four recorders A, B,C and D of 
the echoes produced by a charge fired at 5, the echoes arriving in two 
separate groups, that from the upper band first 
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Electrical Methods 

These methods fall into four groups^d) Se)f*potential system, 
{b) Surface potential methods, (c) Ground resistivity methods, (d) 
Inductive methods. 

In the self'potential system the electric held is due to the oxidation 
of sulphide ores which may give potential differences of 20 milli¬ 
volts in too (t The area to bt investigated is traversed by parallel 
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lines of stations and then points of equal potential are joined, giving 
isopoienilal contours, 

The apparatus used consists of two porous pot non-polariiing 
electrodes a e (Fig. 117), connected by insulated leads to a sensitive 
potentiometer reading to 1 millivolt Two methods of surveying 
nay be adopted, the traversing method in which the electrodes are a 
short distance apart L (Pig. 117), and the traverse proceeds in one 
direction, the rear electrode oxupying the position previously 
taken by the leading electrode in the previous reading. The second 
method is known as the fixed electrode method in which one electrode 
remains stationary while the other is grounded at progressively 
greater distances from it. The method, shown in Fig. 117, indicates 
^e mineral sought directly beneath the greatest anomaly and has 
been extensively and successfully used to prospect both mineral ores. 
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to a source of electricity and the current distribution on the surface 
is mapped by means of equi potential lines. 

The ground resistivity method, of which there are a number of 
different systems, determines the apparent resistance in ohms/cm’ to 
the passage of current through rociU (Fig. 118). In the Schlumberger 
system (Fig. 119), the electrodes e, and through which the current 
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from an accumulator of some 220 V passes, are placed far opart and 
the potential drop measured by means of two non-polarizing 
electrodes near one electrode As p^ and p^. which are kept a 
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constant distance apart, recede from the resistance of deeper 
rocks is measured. 

If dx and ore the distances in cm of p^ and p^ from ep then the 
resistivity is given by the expression— 

. , , ind^d^y 2nt/,rf,R 

Resistivity in ohms/cm’ - J. 

the voltage being measured with a potentiometer and the current by a 
milliammeter, or the resbtance by means cf a modification of the 
megger testing set. 

This system is also used in boreholes to measure the resistivities and 
porosities of the formations penetrated by the drill. One current 
electrode (Fig. 120), is lowered into the hole above which are two 
potential electr^espi and p^ at distances <4 (4 above it, the battery 
and the second current electrode, being at surface. The current 
/ from the battery is maintained at a constant value and tbe potential 
V is measured by a recording potentiometer automatically on a chart 
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in relation to depth. The resistivity of the strata between di and <4 is 
given by the expression 

4n Vdy d* 

For the determination of the porosity of the beds, important in 
prospecting for oiUbearing sands, a potentiometer is connected 
between the electrode nt the bottom and the second electrode at the 
surface. High potentials indicate penetration of drilling mud into 
porous beds. High resistivity indicates hard formations or oil- 
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bearing sands but the former have low and the latter high porosity. 
Sands with saline water show low resistivity but high porosity. By 
surveying adjacent wfiUs> faults and the folding of the strata between 
are indicated. 

In the Wenner system and later modifications the distances apart 
of the current and potential electrodes art equal as shown at d in 
Pig. 121. Deeper penetration is obtained by increasing the distance 
apart of the current electrodes e and e^. !n the traversing method 
used to determine lateral changes of strata the current and potential 
electrodes are moved progressively along a line, as shown in Fig. 
122. In order to eliminate self-potentials, reversing switches are 
provided on both current and potential circuits. 

In modifications of the Wenner method, particularly the Gish- 
Rooney, low frequency alternating currents are used in place of 
direct current by means of the use of a band-operated commutator 
system in order to eliminate self-potential. In the Inductive Methods 
alternating current with a uniform frequency, generally about SOO c/s, 
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is used and two current electrodes are grounded as in iht Wcnner and 
kindred systems. The primary current Induces secondary currents in 
the strata through which the primary current passes and the resulting 
magnetic field at the surface is distorted in pl^e and direction by the 
presence of anomalies. 

Two main systems are employed. The first employs a coil related 
in diameter to the deptli to be penetrated, and the magnetic field 
induced is measured by a single- or two-coil system. In the second, 
the current electrodes are connected by a long insulated cable laid 
on the ground to be investigated, and short traverses at right unglc.<( 
to its course are made with a pair of coils a fixed distance of at»ut 
60 ft apart, to measure changes in phase and amplitude betsveen (he 
induct voltages in eacli coil. In this, Turam, method phase 
differences are contoured by iso-phase-difference lines and when 
these approach each other, indicating a steep gradient in the rate of 
phase-difference ch&nge, minerals may be expected. 

Other physical properties which are made use of in certain pro¬ 
jected methods of prospecting yet in the experimental or speculative 
stage are temperature surveys for the discovery of formations with 
high thermal conductivity, measurement of the radio-active content 
of soils and, in particular, of the radium content and micro-gas 
analyses of soils as an indicator of oil deposits. In addition to the 
recovery of cores from boreholes and, in some cases as a substitute 
for core-boring, geophysical and other methods ore used to provide 
supplemental information from boreholes. 

The rate of penetration of the various rocks may be continuously 
recorded and since every type of rock, if the pressure on the bit and 
the rate of rotation are constant, gives a distinct rate of penetration 
so that junctions betvp«en different beds are indicated. In addition, as 
coal is more easily penetrated than other Carboniferous strata, the 
position and thickness of a sesm is recorded and checked against the 
core samples. 

The porosity of the beds, both on a normal and on a micro-scale, 
is measured by the electrical resistivity method; the radio-activity 
and the self-poieotiah produced by interaction between the water in 
the drilling mud aud that in the strata, are all measured and recorded 
continuously and are known collectively as the Schlumberger logs 
(Fig. 123). 

The Micco-log is a rehoemeat of the electric resistivity log. Its 
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close Spaced electrodes are pressed against the wall of a boring while 
in taking the resistivity log the electrics are widely spaced and hang 
free in Che mud>fiUed bole. 

Some radio-active material is present in most rocks. The gamma 
ray log is utilized Co indicate the relative concentration and, since this 
is related to some extent to lithology, it provides a duo to the strati- 
graphical succession. The so-called neutron log measures the kinds 
of fluids in the interspaces of a rock. Unlike the elcctricol logs the 
radio-active log may bo taken in a cased hole. 

These record reduce the number of cored holes required to 
i Interpret tlie geological structure of an area and tlie correlation of tlic 
coal seams in it. The Schlumbergcr logs require a period ofb hours 
for a 2,000 ft deep hole, but in liable strata which nmst be cusud. 
they are taken at more frequent intervals, about SOOft, before the 
casing is inserted. 

Trials are being conducted with the Tcctonomotcr consisting of u 
radio transmitter and receiver with a directional aerial. The strength 
of the signal received is measured and this is affected particularly 
by fractures in the strata. The method has been used to determine 
the fault pattern in an area but **ghost" lines also are produced 
which are not due to faulting. 

QUESTIONS 

I, Ducribe how a diiirict may bo prospectod for coal domslts ond indlcalo 
how the nature oTouteropi fbund hu u bearing on initin] uevciopmont of the 

T ills. 

Give a brief account of prospecting for minoruli by meuni of eliKer magnetic 
methods ordectneal mothods. 

2. Write an account of the geophysical methods used for determining the 
tectonic etnicturee of aa araa. 

4. Give an account of (fi) Onvliaiional methods, (b) Seismic methods of 
geophysical poepeeu ng, 

j. What do you undantand by the Schlumborger Lop? Indicate the typo of 
information these supply and how this InfOrmailon may be used. 

d. How may the priTvdplea of geophysics bo applied in prospecting for minerals ? 
Indicate the application of the chief methods used. 



CHAPTER XII 


BORING 

In a previous chapter the necessity for boring and its importance has 
been indicated. It is a very old technique and the older h&nd methods 
have been used for centuries. 

The main problems to which boring may give the key vary in 
magnitude from the discovery of a mineral vein, oil sand or coal seam 
at a depth from a few feet to 15,000 ft below the surface, to the 
obtaining of samples and a record of the thicknesses of such deposits 
so that their commercial value and possible economic extraction may 
be appreciated- When conducted from underground working, 
boreholes may be used to recover coal seams and mlnernl veins 
displaced by faults and other geological accidents or to determine the 
size and economic limits of an or^body. In addition they may be 
used to determine the position of and to tap volumes of water in 
disused workings which would otherwise menace later developments. 
In addition borings from the surface may be put down to determine 
the depth of bed-rock below drift or other loose strata upon which 
foundations for heavy structures may be constructed safely, for the 
supply of water, saline solutions or to conduct power cables or 
vcntilotion to underground workings. 

So that in addition to its value in exploration, the exploitation of 
the mineral, such as oil, and soluble minerals like rock*salt, may ht 
carried out directly through boreholes. In the main, however, in 
coal and metal mining the most important function of boring is 
exploration and as speed of boring and cost are closely interrelated, 
the purpose for which the hole is being put down should not be for¬ 
gotten. It is essential that proper records and proper samples of the 
strata penetrated should be kept with the greatest possible accuracy 
and details with checks, wherever possible, from sludge returned from 
the hole with the water used to convey it from beneath the boring 
tool. 

Boring methods may be subdivided into hand methods, generally 
percussive, power driven percussive methods including rope methods 
and rotary methods in many of which cores of the strata penetrated 
are recovered. 

The speed of boring and the percenUge recovery of ore have 
increased to a remarkable extent in the last few years. 
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HAND METHODS 

The simplest method of boring and one limited to depths of 50 ft 
where rwo men are employed and to 80 ft where three or four men are 
used is the brace-head and rods percussive method shown in Fig. 124. 
The tools used consist of a chisel bit A or t cross bit B for harder 
rocks, generally 2 to 3 in. wide, screwed to a line of square shaped 
wrought iron rods about 1 in. square with round screwed and 
socketed ends C the length of which are generally 6 ft with a few 
shorter lengths. The rods are raised and turned, so that the chisel 
bores a round hole and does not jam, by means of a single, D, or 
double brace-head, E. Water is fed into the hole and at intervals a 
sludger, F, on a thin wire rope or substituted for the chisel at Iho end 
of the rods is lowered into the hole and, by means of the ball or 
flap-valve at the base, the cuttings and sludge at the bottom of the 
hole are worked into the barrel of the sludger by reciprocating this 
in the hole. The sludger is then raised to the top of the hole and its 
contents examined, this being the only evidence obtained of tho 
strata penetrated. The rods are unscrewed and prevented from falling 
back down the hole by means of the gripping and retaining keys. 0 
and H, which grip the square rods above and below the Joint being 
unscrewed. The rods are screwed together, when again lowered into 
the hole, in the same manner. This method is limited in scope and is 
used to determine the thickness of beds near the surface,or to recover 
seams cut off by faults. In the latter case, a alone drift is driven well 
clear of the fault Assure and then the bole is put down; if the seam 
is recovered^ that is if tlia fault is a downthrow, the haulage road may 
be graded to recover the seam and fticUitate future haulage opera¬ 
tions. 

If the boring lakes place through clay, an auger, f, replaces the 
chisel. Such tools are also used to bore wells from 6 in. to 2 ft in 
diameter. In the Banka type of drill a steel platform screwed to 
lengths of casing tube supports four borers who operate a percussive 
system taking samples by bailer or by a core barrel through the 
casing tubes, the latter being turned as they descend by four men 
at the end of a long pole. 

For deeper holes a derrick, C (Fig. 125), and either a pivoted beam. 
.4. or a spring pole is used. If the former, the beam of A r, larch or ash, 
is used to raise the rods by lowering the beam, which raises the 
shorter end to which the rt^s are attached through the stirrup, B. 
This allows the rods to be turned by a master borer by means of the 
tiller, £. The derrick is generally of wood about 20 ft in height and 
is fitted with a windlass, g, with about SO ft of rope which is attached 
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10 tKe ro4s through a swival, allowing the rods to be turned. The 
windlass is used to raise the rods when it is necessary to liA and un¬ 
screw them to change the chisel or to clean out the hole by means of 
the sludger. Longer rods, from 10 to 15 ft in length can be used in 
conjunction with a taller derrick which reduces the labour of screw¬ 
ing and unscrewing rods. The beam gives a leverage of about 6 to 1. 
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As the hole gets deeper the weight of the rods descending may 
cause the breakage of the chisel or the lower rods and ‘‘jars’* or "fr« 
fall*' sliding joints h, and /. may be inserted- Thus in one of the 
earliest types, Oeynhausen’s, shown at h. the slot in which the cross¬ 
head (7, to which the lower rods, Ji. and the chisel, S, Is attached, 
slides is greater in length than the stroke imparled by the beam to tJie 
upper rods and the lower rods and chisel fall ind^ndentiy. 

In the type shown at i, known as Kind's, a pair of tongs are 
attached by their upper ends to a sliding block fitted with a disc of 
leather and iron rings somewhat less in diameter than the hole, The 
lower rods and chisel are attached to a sliding joint with a pear- 
shaped top which is gripped and lifted by the tongs when the upper 
ends are pushed apart by the resbtance of the disc as the rods are 
lifted. When the rods descend, the resistance of the disc causes it to 
be lifted by the water in the hole relative to the rods and pulls towards 
each other the short ends of the tongs, "niis causes the lower ends to 
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separate and release the pear-shaped head and ihe lower rods and 
chisel. The “jars" also assist in dislodging the chisel on the up> 
stroke should it tend to stick. 

When a spring pole is used it consists of a whippy pine about 6 in. 
diam at the hole end and about 10 in. at the anchored end. The 
fulcrum Is nearer the anchored end giving a leverage of from 3 - S to 1. 
The swivel on the rods is attached to the spring pole by a short length 
of manila rope. These deeper holes are generally started through a 
vertical stand-pipe for direction and also to prevent caving of loose 
surface soil Into the hole. 

ROPE DRILLING 

This method was developed in particular for rapid oil-well boring 
and is still used for nearly half of the footage bored for oil, particu¬ 
larly for the shallower holes less than 6,000 h in depth. The arrange¬ 
ment of the plant (Fig. 126), has been standardized which facilitates 
erection and dismantling and limits the cost of spare parts. The rope 
used is either of untarred manila, hawser laid, about 6 in. in 
circumference or a six-strand 19-wjre steel rope. The rope is coiled 
on a bull-wheel, b, and is led over the crown pulley, .4, at the top of 
the derrick which is 72-84 ft in height, of wood or more generally 
steel sections or steel tubing with a base about 20 ft*. 

In order to transmit the necessary weight to the boring tool, a 
siring of fittings is inserted between it and the rope socket so the 
derrick needs to have considerable height to enable the string to be 
swung clear of the hole for the elearmg of cuttings. This is per¬ 
formed by the sand pump or bailer whiSti is lowered and raised by 
means of a 6*strand wire rope which winds on the sand reel,/ driven 
by frictional contact with the main driving wheel, or band-wheel. /, 
contact being established by the lever system g connected to a handle 
on the derrick floor. The boring tool for this percussive system of 
boring consists of the straight or Mother Hubbard tyM of bit for 
hard rock, a (Fig. 127), or a cross-bit 6, for hard flssuru rocks, while 
the spudding bit, c. is used to penetrate the loose surface soil and 
gravel for the first 100-200 ft of the hole. This operation is known as 
''spudding*' and the spudding bit is attached to an auger stem, d, 
from 16-48 ft in length. This in turn is screwed into a rope socket 
at the end of some 200 ft of rope which is led over the crown pulley 
to the buU-wheel. There are two methods of reciprocating the bit 
and auger stem up and down to bore through the relatively loose 
surface beds. In one method the rope is wound once or twice round 
the bull-wheel shaft which is driven by a crossed rope drive from the 
band-wheel. The latter is rotated by means of a belt from the 
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driving pulley of a 12 in. diam and 12 in. stroke to 14 in. by 14 in. 
steam engine of the single-cylinder type supplied by a 40 or 75 h.p. 
boiler with steam at a pressure of 100-150 Ib/in.*, Alternatively, a 
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diesel or petrol engine of 50-150 h.p., depending on the depth to be 
drilled, or a single or double electric motor drive of 25-130 aggregate 
h.p. may be used. The borer holds the loose end of the rope and by 
alternately tightening or slackening the rope on the revolving bull- 
wheel shaft the tools are raised and then dropped. 
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In the second method the cable is wouod on the bull-wheel and 
held by the band brake on this wheel. A short rope is attached from 
the crank on the band-wheel to a connector or “spudding shoe" on 
the boring rope just above the bull-wheel. The crank jer^ the short 
rope and this transmits a reciprocating motion through the boring 
rope to the spudding bit. If the surface beds do not cave until firm 
rock is reached they are not cased with tubing until this takes place. 
If they do tend to cave» casing must be inserted before the ground is 
churned by the spudding bit and then removed by the bailer. The 
casing is driven by fitting a cutting shoe on the bottom of tlic llrst 
length of tube, generally in 20*n lengths, which is inserted in a shnliow 
hole dug out by hand. This length is plumbed and then packed solid 
with earth, The upper end of the pipe is fitted with a drive-head to 
protect the threads on the end end the pipe is then driven down by a 
heavy wooden block, raised and lowered by the same means as the 
spudding bit. As the hole gets deeper additional lengths of casing 
are screv^ to the Ant and driven down. When firm strata is reached 
the spudding bit is replaced by a straight or cross bit. e or h (Fig, 
J27) 3jr-6 ft in length, the au^r is screwed on and above this the 
“jars." e, 5^7 ft in l^gth, consisting of a pair of links which can 
telescope a distance of 4-12 in. These are used to loosen the bit on 
the upstroke^ the downstroke being free and dependent upon the 
weight of the bit. auger stem and lower link of the “jars," In order 
to assist in freeing tiu bit on the upstroke, the remaining member of 
the “string," screwed to the “jars" at Che lower end and into the rope 
socket, g. at Che upper end, is the sinker bar,/ 6-16 A in length. The 
total weight of die “string" of tools, which is from 33^-81 ft in 
length, is from 750-11,000 lb. The diameter of the hole drill is from 
4-20} in. with $ in. as a common size. 

The method of reciprocating Che string is also changed. The drill¬ 
ing rope of sufficient length for the depth Co be drill^ is wound on 
the bull-wheel. The drilling rope is taken over the crown-wheel and 
the string of tools attached. The crossed rope drive from the band- 
wheel is thrown off and the string lowered into the hole controlled by 
a band brake on the bull-wheel. Reciprocation is by means of the 
walking-beam, a (Fig. 126), 26 A in length pivoted on a fulcrum 
supported by the samson post, k. With the bit resting oo the bottom 
of the hole and a few inches of play in the jars the rope is wrapped 
with thin rope or marline and gripj^ by the temper screw, c. which 
is bung on the end of the walking-beam which now takes the weight 
of the string. Some 20 A of slack rope is coiled on the derrick floor 
to prevent lashing of the rope. The other end of the walking-beam 
is connected by an arm known as a Pitman, /, to a crank and wrist 
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pin on ihe band-wheel shaft. The cn^ae is coniioUed by a telegraph 
line from the headache post, m, to the engine throttle. 

The temper screw enables the bit to be fed down a distance of 4 ft. 
In a shallow hole the rope is twisted to prevent the bit sticking, but 
as the hole gets deeper the twist in the rope is sufficient to prevent the 
bit striking in the same place. At the end of the travel of the temper 
screw the slock rope is taken up by rotating the bull-wheel, the rope 
is undamped from the temper screw and this is run back, the Pitman 
is disconnected and the string is wound up by the buU-whee! and 
swung to the side of the derrick when it readies the (op. The bailer 
is lowered into the liole and dears out the cuttings. This is drawn up 
and the string is again lowered into the hole. Reamers of various 
designs may be used to enlarge a hole already drilled, so that casing 
above may be carried down to a greater depth or to straighten or 
clear a hole which has been badly drilled. 

If an accident occurs, such as Jamming of the bit. breakage or 
unscrewing of some member of the string, breakage of the rope or 
sand-line, jamming of the bailer or of casing, loss of casing tubes or 
equipment falling down the hole, various fishing tools and especially 
long jars, enabling a strong jerk to be imparted to a jammed tool, 
are provided. Some of these are standard tools but special tools may 
have to be designed to deal witli the emergency. If the trouble cannot 
be cleared by nshing. an attempt may be made to break up the lost 
tool by drilling or by explosives. Aliernatlvely the hole may be 
diverted clca r of the obstruciio a by fi lling the bottom of the hole with 
steel, hints or old steel rope. In OMition to the standard rigs, smaller 
portable rigs working on the same principle but carried by trucks and 
with a lighter, shorter derrick may be used for holes of less depth 
(Fig 128). Combination rigs, enabling the same equipment to be 
us^ for either rope or rotary drilling may also be uiili^. 

The cost of ro]M boring, as with other systems, is variable as this 
depends upon the rocks penetrated and the depth attained. Costs of 
holes between 500 and 3,000 ft averaged 30s Mr tt pre-war but for 
deeper holes costs varying from £l -£2 per R Kave been recorded. 

OIL-WELL DRILLING BY THE ROTARY SYSTEM 
This system is adopted to drill more than half the footage required 
for oil, particularly the deeper holes more than d,000 ft in depth. 
Cores of the strata penetrated may be obtained by this method 
but coreboring is unusual except in pilot holes or ac particular 
horizons and normally the whole of the strata in the hole is reduced 
to cuttings. These are recovered from the circulating mud flush and 
form the only evidence of the rocks drilled through, except that their 
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hardness is related to the weight necessaiy on the drilling bit to 
ensure adequate progress. The resistance of the rocks penetrated 
may, however, be measured and give some index of the type of rook 
which has been bored. The drilling equipment may be driven by 
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Steam engines, diesel or gas engines or by elecirio motors. The horse¬ 
power required depends on the depth to be drilled; but two units of 
225-250 h.p. are often used and where a diescl'electric combination 
is used, the Ward-Leonard system of control, similar to that used in 
winding and on steel rolling mills, may be adopted. 
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Derricks have been standardized in accordance with speeiheationa 
of the American Petroleum Institute end vary in height from 66- 
136 ft with bases from 20-30 ft square, but for exceptionally deep 
wells derricks 175,185 and even 250 ft high have been used, the cost 
of these derricks erected, exceeding £2,000. The power is transmitted 
to the bit by rotating a string of heavy drilling pipe, 3 or 4 in. in 
diameter la 20-30 ft lengths, down which mud is pumped returning 
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Up the annular space between the pipe and the walls of the borehole. 
The method of rotating the pipes at speeds up to 300 and even 
400 rev/min is by screwing the string to a chrome'nickel steel square 
shaft from 4 to 6 in. side and 30^ ft in length, known as a Kelly or 
“grief stem,” (Fig. 129a). The KeQy passes through a square hole in 
a horizontal bevel gear or rotary table (Fig. 129b) rotated by a motor 
or engine depending upon the type ^ power used. The Kelly is 
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impended from a strong hook carried at the base of a hoisting* 
pulley (Fig. I29c) through a swivel with loose connection to the mud 
flush pump (Pig. 130). ^he Kelly can thus slide through the rotary 
table while (his revolves as the hole is bored deeper. The Kelly and 
string are raised by means of the hoisting rope which is in multiple 
purchase between the hoisting block and the crown block (Fig. 
12dA), and is wound on to a hoisting drum known as the draw¬ 
works, e, chain driven through clutches with three or four gears by 
a separate engine or motor. 

Much attention has been p^d in the past twenty years to the design 
of drilling bits for rotary drilling which vary in diameter from 3|- 
9| in. The design adopted in a particular case depends upon the 
hardness of the strata drilled. In the softer rocks drag bits (Fig. 
131a), with an alloy steel head to which drop-forged nickd*clirome 
blades, Stellite or tungsten carbide tipped, are welded, or a fishtail bit, 
B, with replaceable blades are used. In medium hard rocks a Hughes 
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bit of the roller type with serrated teeth tipped with tungsten carbide 
on a cone carried on a roller bearing may be adopted. For stronger 
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Strata a tbree^roller Hughes bit is used and for very hard rocks a 
Reed roller bit is adopted. The addition of drilling collars to 
increase the weight on the bit to approximately 1,000 Ib/in. of bit 
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diameter, the magnicude of which i$ indicated on a dial, enables 
drilling progress to be increased. 

The actual speed of revolutioo of the bit decreases with increase of 
depth from 300-125 rev/min. The actual speed of drilling depends to 
a great extent on the d^th as the time re^quired to change bits in a 
deep hole amounts to several hours and is the factor which has 
influenced bit design to give the maximum possible life. At shallow 
depths 160 ft/h has been drilled but at dep^ from 10,000-15,000 ft 
the rate may fall to 2 ft/h. 

The cost also varies with depth and the hardness of llie strata, 
published cost varies from £2 10s to £6 per ft. 

Mud Flush 

Mud is used as the circulating medium in the borehole for the 
following reasons— 

1. To prevent blow-outs of gas or oil from the hole by subjecting 
the strata to a greater pressure than the hydrostatic head correspond¬ 
ing to the depth of the hole. 

2. To seal off small feeders of water, gas or oil by forming an 
impervious layer on the sides of the hole. 

3. To cool and lubricate the bit. 

4. To convey the cuttings out of the hole and to hold them in 
suspension when drilling is stopped and prevent them falling to the 
bottom of the hole. 

5. To prevent the sides of the hole caving. 

In order to increase the speclAc gravity of the mud powdered 
material of high density, barytes or iron oxide, is add^ and to 
improve the colloid content, in order that they may "gel” to the right 
extent (this must not be too low or cuttings are not held in sus¬ 
pension, and not too high or the mud will lack fluidity). Bentonite is 
added and the mud may also be treated with other chemicals. 

In order to remove the cuttinp and to maintain the mud in good 
condition it is screened on vibrating screens of 20-60 mesh before 
passing to a reservoir from which it is recirculated. As the mud is 
subjected to a pressure of many thousands oflb/in.* at the bottom of 
a deep hole, any gas entrained will expand as it ascends and reduce 
the weight and pressure exerted by the mud. This may cause a 
blow-out which may be prevented ^ de-gassing the “gas-cut" mud 
by subjecting it to a vacuum process. As the success of the drilling 
operations depends to a large degree on the proper condidon of the 
mud flush, greet pains are taken to keep it in the best possible 
condition and to this end careful testing of the viscosity and other 
physical properties is carried out. 
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Recovering Cores 

In both rope and rotary drjUing> cores may be recovered of any 
particular section of the strata desired, this giving much more 
accurate information than that obtainable from the cuttings alone. 
In rope boring a special core bit and a core barrel is used in place of 
the normal bit. In rotary boring three types of core bit are available. 
To receive the core a core barrel which revolves with the drilling pipes 
or a double core tube may be adopted. The latter has an inner barrel 
which does not rotate, thus reducing abrasion of the core and leading 
to fi higher percenlugc of core recovery. 

The rcinu^able type of bit is similar in construction to the stiindard 
types of rotary bit arranged to cut a fulhsizc hole, but it is fitted to 
an outer core barrel and designed to leave the central portion of the 
strata undrilled. A core barrel with a coring bit is dropped down the 
drilling pipes and locks itself to (he outer bit. Core irom Ij«2l in. 
in diameter is drilled and recovered In the inner core barrel which is 
picked up when full by an overshot dog on a thin wire rope and 
wound to the surface without withdrawing the normal drilling string 
of pipes from the hole. If further cores are not required an inner 
driUing assembly is dropped In place of the core barrel when the 
entire area of the hole is drilled to cuttings. 

The cost of coring varies from 1 Ss to 31s 6d per ft for rope drilling, 
with 22s as an average while 9s per ft is an average cost of coring 
with rotary drilling, the speed of revolution being reduced when 
coring to dO'TS rev/min. The costs quoted are on a pre-war basis 
when costs were much more stable. 

Conrad Counterflush Coring System 

This method of obtaining a continuous core record of the strata 
penetrated was first used by Fauck in percussive boring with hollow 
rods and a flushing system circulating in the reverse direction to that 
normally adopted. It has since been applied by the Conrad Company 
of Harlem to the rotary system of drilling and the notable feature is 
the provision of a reversed mud flush circulation which permits of 
uninterrupted core recovery. The surface casing, A (Fig. 132). 
through which drilling proceeds, is cemented in place and provided 
with a stuffing box or blow-out preventer, B, and the delivery from 
the mud flush pump is connected to a tee immediately beneath. The 
mud flush passes under pressure down between the casing and the 
drilling pipe-string and then up through the coring bit. C. and the 
drilling pipe-string throu^ the swivel head, D, to the core evacua¬ 
tion hose, E, and the core receiver and sludge-pit. When successive 
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lengths of casing have been inserted in the hole the connection 
between each is ^ a casing head and a stuffing box. No core barrel 
is employed and the drilling pipes are flush inside. Cores and cuttings 
are forced upwards through the drilling pipes and the swivel head by 
the ascension of the mud flush under pressure. Thus all cores and 



cuttings are recovered at the surface within the short interval 
quired for their ascent so that a record of changes in the strata is 
obtained praclicsUy simultaneously with their penetration in the hole. 
As no core barrel is used there is no necessity to stop drilling to 
unscrew the pipe*string to recover core and then screw on and lower 
the string again. This is only necessary when the bit needs to be 
changed which may only be after 500 ft of drilling in the softer rocks 
which may take a week to drill. 

DeflecCiOD of Boreholes 

It is often advantageous in a number of circumstances to deflect 
a borehole. This may occur when broken tools or casing cause a jam 
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in the hole and the latter can only be continued if deflected, to drill 
into strata on the other side of a fault, or to drill into minerals lying 
under surface water. 

Several methods have been developed to enable the deflection to 
take place in a controlled manner provided the operation U checked 
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at frequent intervals by borehole surveys. Fig. 133 shows the use of 
the Eastman removable whipstock for this purpose, ft consists of a 
wedge-shaped chrome steel appliance some 10 ft in length with a 
tapered groove on the side to which deflection is desired and is 
fitted with a sharp anchoring toe to prevent displacement when 
lowered into position. The top is fitted with a collar, which fits 
loosely on the drilling string, but is less in diameter than the drilling 
bit and so is withdrawn when the string is lifted. The deflection thus, 
started is increased by the use of special bits; further whipstocks 
may be required successively to accomplish the degree of deflection 
required. 

Altematively a “knuckle-joint” (Fig. 134), may be atttched to the 
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drilling siring to which is fitted a diamond centre punch which starts 
a smaller hole deflected about 5® from the axis of the vertical hole. 
The punch is used percussively at first by raising and lowering the 
drilling pipe-string and this is then rotated until about 20 ft of the 
deflected hole is bored. The punch is then replaced by a small size 
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rotary bit which continues the deflected hole. Next, the hole is 
reamed out to full size and continued with a full-size bit, the flexi¬ 
bility of the pipe-string being sufficient to negotiate the bend in the 
hole. 

When deflection is required at an intermediate point In a borehole 
which is cased, a Casing Whipstock Is used which is lowered on the 
drilling suing to the selected point and there released. It contains 
a deflecting t^ge, and a milling cutter is substituted for the bit to cut 
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through the side of the casing. The hole is then continued in the new 
direction using the normal drilling bit. 

If the hole is uncased a Hydraulic Bridget may be used which has 
two arms that penetrate into the sides of the hole when released at 
the selected point, and anchor the sealing plug in position. A deflec¬ 
tion wedge or whipstock is then placed upon the plug and the hole 
is deflected. 

In the HaU'Rowe tnethed of deflection applied to diamond boring, 
the vertical hole 1 $ plugged at the pointof deflection by a dry wooden 
plug which is swelled firmly into position by treating with water- A 
drive wedge, witit a sharp'pointed foot with a hydrofluoric ucid 
clinometer above, is dropped on to and penetrates the wood plug. 
After some 30 minutes the clinometer is detached iind wiiltdrawn to 
the surface. From its etched line the position of the pilot wedge in 
the hole can be computed. A long deflecting wedge, with a pilot 
wedge beneatli arranged to fit in one position only on top of the drive 
wedge when rouud, is then lowered, The long deflecting wedge is 
thus orientated in the desired direction; when In position a copper 
rivet is sheared and the drlLing string can be withdrawn leaving the 
wedge behind. The ring, by which the wedge was attached to the 
string, is then ground on, by means of a rose bit which is withdrawn, 
and a in. diamond core bit and core barrel substituted. The long 
wedge has a tapered groove sufficient in width to take the diamond 
core bit and barrel, which then bores the initial short length of the 
deflected hole. When this length is completed the \\ in- bit und 
barrel are withdrawn and the wedge and the pilot hole are reamed 
out to ful I size by a diamond reaming bit, Whe n reaming is compic ted 
diamond boring at fbll diameter proceeds in the new direction. 

The deviation of the borehole is controlled by varying the flexi¬ 
bility of the joints above the bit, the weight on the bit, and the speed 
of rotation. The total deflection obtained may approach 60* and the 
cost was generally about £500 pre-war. 

Diamond Drilling 

This is the method of drilling wh Ich gives the most posit ive evidence 
in the form of cores of the strata drilled through; it thus forms a 
most useful tool in confirming or otherwise the presence of minerals, 
including coal seams, the probability of whose occurrence has been 
determined by prospecting. The method is widely adopted all over 
the world both for exploration from the surface and from underground 
workings, similar appliances being adopted in both situations. 
Diamond-dfilkd holes, along with those drilled by other rotair 
methods, are likely to deviate more widely from the vertical than those 
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drilled by percussive methods. On the other hand holes can be 
drilled with equal ease in any direction and diamond drilling rigs are 
usually equipped for this purpose. 

The diameter for diamond drilled holes is generally much less than 
those bored by other methods* the standard sizes of drilling pipes 
used being ^ in. (E), If in. (A), l|t in. (0) and 2f in. (/O. giving 
cores of |in., Ii^in.« If in. and 2f in. respectively in diameter. 
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Corresponding casing diameters are (outside diameters)^! ^ in. 
(EX), 2f in. (AX), 2f in. (SX), and 3J in. (NX) the corresponding 
inside diameters being If in., 1 f| in.* 2| in. and 3 in. Cement grout 
is however being adopted to an increasing degree to support bore¬ 
holes which tend to cave in place of steel casing. The hole is drilled 
and cored into the tender ground as far as considered safe. The 
grout is then pumped down the boring rods or lowered in a bailer 
and the bole in the caving ground is hlled, a quick setting cement 
being used. After setting, the cement plug is drilled through as if it 
were normal strata and the drilling is continued as far as is safe into 
the strata below fl'om which further cores are recovered. When the 
safe limit is again reached the hole is again grouted. This method is 
somewhat cheaper than casing which generally entails reaming out 
the hole to a larger diameter. Alternatively a cutting shoe, set with 
small diamonds (Fig. 135), may be attache to the string of casing 
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pipe and rotated. This acts as a reamer. Grouting has the additional 
advantage that it allows successive tender horizons to be supported 
without reducing the hole diameter entailed in cased holes startiog 
with a larger initial diameter. The miniinum size of core usually 
adopted in coaKbearing formations is 2 in. diam, in harder forma* 
tions a smaller diameter gives adequate core recovery. 

Bits for Diamond Drilling 

In this system the drilling is done by various grades of industrial 
diamonds set in a blank or collar (Fi^ 136) screwed to the bottom 
of the core^barrcl. Blanks with a rounded shoulder are now mosl 
commonly used although square-shouldered blanks may be adopted 
in softer rocks and a solid bit, taking no core, may be used in rocks 
such as those of the Mesozoic Age, of which information is not 
required. Alternatively these may be drilled by quicker and cheaper 
percussive methods. 

Slots are cut in the base of the blanks to convey water to the 
cutting face. The size and number, and method of inserting and 
securing the diamonds in the blank, varies with the speed of revolu¬ 
tion adopted, with speed of drilling and with the type of strata being 
drilled; but they must always be arranged, like the picks in the chain 
of the coal-cutter, so that the whole annular space between the core 
and the side of the hole is abraded by contact with a diamond every 
revolution, and adequate side clearance must be provided for the 
bit and the core-barrel. Care must be taken tliat the metal of the 
blank does not come into contact with the rock or U will be worn 
away with loosening and possible loss of one or more diamonds; 
which is an expensive accident. 

The types o/diamond used are white or tinted brilliants crystalline 
in shape, bort or impure crystalline diamond generally from South 
America and brown in colour and "carbon” composed of very small 
crystals of diamond together with amorphous graphite, black in 
colour. The number and size of the diamond set in a blank varies 
considerably. Formerly popular wu a setting with eight relatively 
large diamonds, four outside and four inside, the weight of the 
stones totalling about 16 carats. This arrangement is still used in 
the square-shouldered bit shown which is adopted in softer rocks. 
The more usual round-shouldered blank set with a large number of 
small stones, from 40 to 100 depending on the diameter of the hole 
and weighing 1/5 to 1/20 of a carat each, gives more even wear and 
higher drilling speeds. 

Cavities arc cut in the blank to the shape of each particular 
diamond, which is held in position by copper or white metal carefully 
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lamped round the diamond by a light hammer and punch so that it 
projects about ^ in. from the blank. Settii^ diamonds Is a skilled 
and laborious job and moulded bits are being used to an increasing 
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extent. In this method the small diamonds are placed in a mould 
and molten white meUl is run in round them, "ftnehards'’ bit 
(Fig. 136a). In the Kobelite bit metal powder is used to hold the 
stones and the whole is then pressed or sintered into strip inserts or 
discs which are brazed to the blank. 

The SuUet bit (Pig. 136a) is moulded into ridges into which small 
borts are sintered. Tht valleys between the ridges allow tbe eutdngs 
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to be removed quickly from under the bit. Crushed bort 30-40 
carats in weight mix^ wiih iron pcpwder may also be moulded 
into the form of a ring } in. thick sintered and then soldered to the 
blank. Bits with a large number of small diamonds last much longer 
than those with a smaller number of larger diamonds and also drill 
about 50 per cent faster, a higher speed of rotation of 1.000 rev/min 
being adopted. For maximum core recovery drilling is at slow speed 
with heavy pressure on the bit in hard rocks and at high speed with 
light pressure in soft rocks. 

Core recovery is greater in deeper holes than in shallow loose 
strata. In the deepest holes drilled In Soulh Africa (o n depth of 
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7,000-10.000 ft with cores li-2|& in. diam core recovery ranged from 
92 to over 97 per cent, the cost per foot drilled averaging between 
£2 16s and £3 Ids, the deepest hole being the cheapest. The uveroge 
rate of drilling attained for these depths was 22 and 31 ft per day. 
In the Orange Free State the contract price for holes 6,000 ft deep 
was £2 per U. For softer rocks arlihcial diamonds, *'thornn." may 
be used or hard metal inserts of Widia (tungsten carbide) or stellite, 
or saw tooth and fishtail bits, face*hardened with “borium'' or 
stellite (Fig. 136B). 

Cores 

Above the bit comes the core-barrcl of which three types are used— 
single tube, rigid double tube and double tube with stationary inner 
tube. The first facilitates core removal and speed of drilling, the 
second conducts the water from the drilling pipes between the 
double core-barrels and prevents erosion of the core, while the third, 
in which the inner barrel is mounted on ball bearings (Fig. 137), and 
does not revolve, reduces both erosion and abrasion of the core and is 
practically invariably used when boring for coal and in other friable 
strata. The hole is iJso of larger diameter in these cases, 2-in. cores 
being the minimum size adopted for coal seams. Core-barrels vary 
in leogth with the capacity of the drill from 20 in.. 2 ft, 5 ft, 10 ft, 
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20 ft, and, exceptionally, longer barrels may be used. In uniform 
rocks the longer the core*barrel used the greater the speed of drilling 
as the number of limes the pipes are hoisted out of the hole, core 
removed and pipes again lowered, is reduced and this takes between 
9-10 hours when the hole is 6,000 ft deep. 

The core is broken off and gripped by a core-lifter of the splitting 
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taper type. Tliis slides over the core as it ascends into the core- 
barrel but on raising the barrel the lifter grips the core Armly and 
breaks it off. 

The drill rods are supplied with water by a pump (Pig, 138), 
through a water swivel, a, screwed to the top of the string. The 
quantity of water required depends on the diameter of the hole, the 
hardness of the strata and whether or not it is Assured, when water is 
lost, or whether the water is settled and re-used. In order to convey 
the cuttings away from the bit and maintain the speed of drilling 
a certain velocity of water current is required in the annular space 
between the pipe-string and the side of the hole. This is generally 
from 60-90 ^min unless drilling in hard materials such as galena 
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(lead sulphide). This requires from 2-25 gsl/min depending on the 
diameter of the hole. The velocity is lugher past the core and in $o^ 
rocks may erode the core. In such cases either a double core barrel 
is used or the water supply is cut down. The latter course, although 
it increases core recovery, reduces speed of drilling. 

A split-core tube has recently been introduced in the South 
Yorkshire coalfield which gives some 9B per cent recovery of coal 
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seams. By placing a properly designed metal trough over the core 
in its half-tube and inverting it, the core can be transported exactly 
as recovered for examination without being broken by being forced 
longitudinally out of the core barrel. 

Driving aod Feeding Mechanism 
Motion is imparted to the bit through cold-drawn seamless steel 
tubes in 2, 5, 10 or 20 ft lengths. These pipes are screwed and 
socketed and connected by screwed couplings (Fig. 139). They are 
raised from and lowered into the hole by means of a hoisting drum 
(Fig. 140), geared to the driving shaft of the main drivir^ engine 
through a clutch which is disengaged when drilling. Multiple driving 
Speeds are generally provided by variation of the gear rado between 
the engine and the drum. 
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The dcnick carrice the crown pulley over which the hoisting rope 
passes, and this is generally a tripod about 22 ft in height for shallow 
holes drilled to a depth of 600 ft. and for deeper holes is a steel 
derrick allowing tubes to be changed in 40 ft lengths (Fig. 141). 

The main driving engine may be steam driven but is usually 
electric, petrol or tiavy oil (diesel) driven. For shallow holes less 
than 400 ft in depth the drill may be hand-operated. Underground 
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drills may also be operated by hand or by a compressed-air driven 
turbine. High drilling speeds, with corresponding increased rota¬ 
tional speeds, have influenced the provision of ball bearings and 
grease-gun lubrication throughout. 

The feeding mechanism is contained in the swivel head; so named, 
because it can be swui^ to one side clear of the hole to allow the 
drilling pipes to be raised from it, to unload the core-barrel or change 
the bit, and it also allows drilling to take place at any angle to the 
vertical, The feeding mechanism is either of the ditferential screw 
type or the hydraulic type. The former (Fig. 142), consists of a main 
screwed spindle. A, carrying the chuck which engages the drilling 
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rods by means of studs. The spindle is rotated by the spllned shaft, 
B, with which it turns but can move up or down. The splined shaft 
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is rotated by and keyed to the bevel wheel, C, which is driven from the 
main driving en^ne through a second bevel wheel at right angles. 
On the splined shaft below the bevel wheel is keyed a straight cut 
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gear wheel, D, which drives a second gear, keyed to a counter* 
shaft, E. At the upper end of this counter'Shaft are three gears, G, 
one above the other, which mesh with three corresponding gears, 
Hy keyed to a feed nut, /, threaded on the screwed spindle, A. The 
three gears, (7, and Hy ^ve different feed ratios and one or other of 
(hem may be engaged by the sliding key, J, with two neutral positions 
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between. The key is carried by the shaft, Ky sliding inside the counter* 
shaft, E, and is moved by means of a hand-wheel, thus giving three 
speeds and two neutral positions which vary according to the gear 
ratios adopted between 50-1,300 rev/min, 200, 400 and 600 rev/min 
in. of feed being often adopt^. 

Screw feeds are generally adopted on (he smaller capacity machines 
and they give a constant rate of feed depending on the position of 
the hand-wheel and consequently a varying pressure on the bit 
depending on the hardness of the strata being drilled. This is 
valuable information to the driller and of the geology of the strata. 
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But the speed must be reduced in soft strata as the bit may emerge 
from this suddenly into hard strata and damage the diamonds. 

On the large-capacity machines, therefore, the hydraulic feed 
(Fif. 143), is generally adopted, as this gives a constant pressure on 
the bit, the rate of feed varying with the hardness of the strata drilled. 
If a cavity ii met in the hole the danger of damage to the bit is reduced 
as the hydraulic piston then supports the drilling pipes. The rate of 
speed is infinitely variable while that of the screw feed is limited to 
three speeds unless the gear ratios are changed. 

The hydraulic piston, S, works in the cylinder, A. which is shown 
single in the model illustrated although twin cylinders arc adopted on 
the large-capacity drills. The piston rod. C, is hollow and as it is 
moved up or down by the piston it communicates this motion through 
the roller friction head, 5, to the collar, /. This is fixed to the drive 
pipe, / (Fig. 143), which is rotated by the bevel wheel fC, driven in 
turn by the bevel pinion on the main engine driving shaft, The 
drilling pipes P, pass through this drive pipe and are gripped by the 
chuck, L, and thus are rotated and raised or lowered. The feed up or 
down is obtained by raising or lowering ilie piston, by opening one 
of the inlet valves, 1 , or 2, oommuniuting with the high-pressure 
water pump and opening one of the outlet valves. 3 or 4. Thus by 
opening one pair of diagonally-placed valves the piston is raised or 
lowered. The rate of feed is varied by adjusting the amount of 
opening of the valves and the pressure on the bit is indicated on a 
pressure gauge. The whole fteding and driving mechan ism is mounted 
on a skid. 

Drilling Operations 

Drilling generally takes place through a stand-pipe which is 
spudded into solid strata in a similar manner to that adopted in oil- 
well drilling. The stand-pipe prevents loose surface strata falling 
down the Iwle and ensures the return of the flushing water to the 
surface. Placed on top of the stand-pipe is the safcty-cUmp (Fig, 
144a), used to grip drilling pipes or casing when these ate being 
scre\^ (or unscrewed) (o prevent the remainder falling back down 
the hole and having to be recovered. 

When recommencing drilling after changing the bit or emptying 
the core-barrel the feed mechanism will be clear of the hole. The bit 
screwed to the core-barrel and to one length of tube is attached to 
the hoisting-swivel and lowered into the hole with a few inches 
projecting through the safety clamp. This is gripped by the wrenches 
and the s^ety clamp (Fig. 144), and the hoisting-swivel is unscrewed 
and screwed to a length of drilUng tube, the length depending on the 
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h«i^t of the derrick adopted. These are lifted by the hoist and 
swung over the safety clamp and screwed to the tube projecting from 
the bole, the whole then being lowered by releasing the safe^ clamp 
and controlled by the brake on tbe hobting drum until again only a 
few inches project when the safety clamp is reset. Thb operation b 
repeated until the bit is within one drill pipe length of the bottom of 
the hole. The feed mechanism is now swung into the drilling position 
over the hole with the feed at the top of its travel. The combined 





PlO. 144 a 

water swivel and lining bail, a (Fig. 138), b screwed to the remaining 
drilling pipe and thb is lowered through the drive pipe, / (Fig. 143), 
and the pipe is screwed to the remainder cf the string. The chuck 
L, b now tightened on the pipe and tbe water swivel connected to the 
flushing pump (Fig. 138). The safety clamp b released and the pump 
and drilling an^ne started, the string being fed down until increased 
pressure indicates that the bit is on the bottom when the speed b 
adjusted. 

in bringing the string out of the hole the order of operations is 
reversed. Jamming of the string through caving of weak strata may 
sometimes be avoided by reversing the direction of feed while 
continuing to pump water down the drilling pipes; sometimes extra 
water may assist. Continued flushing when the drilliog pipes are 
raised or lowered is also advisable in fissured strata, as sludge may 
lodge in the fissures and be driven out into the hole when water 
circulation ceases. 
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Drilling Accidents 

The drilling string or a string of casing may separate in the hole 
throu^ breakage of a pipe, unscrewing or stripping of the threads. If 
unscrewed they can often be screwed together again, if not, in the 
case of stripped or broken pipes, an inside, A (Fig. 145), or outside, 
B, tap (Fig. 14d), is lowered on the upper pipes to cut a thread on 
the top pipe of the missing string. If this fails a spear, C, is used. 
D is a corfi'bnrrel fishing tap. 

It is important that the bit be gauged frequently so that the hole is 
drilled full size or jamming may occur and, in addition, diamonds 
may become detached and lost. If the bottom of the hole is clean an 
old bit wuxed underneath may be lowered on tlic drilling string and 
the lost diamond embedded in the wax. If the hole has cuttings in 
ilic bottom a boiler with an upper and lower wire mesh clack is 
lowered on the string, the direction of flushing water is reversed and 
the diamond end cuttings washed into the bailer which is then hoisted 
to the surface. 

An even more disastrous occurrence is the detachment through 
breakage, stripping or unscrewing of the complete bit, It may be 
fished &r with taps and even an electro-magnet has been lower^ to 
attempt to pick it up. A larger bit has been used to force it end the 
strata immediately below into a larger core barrel which entails first 
reaming the hole. If it is not recovered the hole is generally diverted 
but the loss of time in fishing, cost of bit and diamonds and of 
deflecting the bole may greatly increase the ultimate cost. 

Chilled Shot er Calyx Boring 

The equipment used in this rotary method of boring is similar to 
that used in diamond boring with the exception that chilled shot up 
to 1 in. in diameter is washed down with the flushing water under a 
blank bit (Fig. 147/<), to abrade the annular cut round the core 
instead of using diamonds. This reduces the cost but at the expense 
of core recovery- Above the core barrel is screwed a calyx-tube (Fig. 
147), into which cuttings and sludge are deposited where the water 
velocity slackens os the area is increased at the top of the calyx-tube, 
which thus contains a reversed record of the strata drilled. The core 
is gripped and broken off by dropping sharp gravel into the descend¬ 
ing flushing water and care should be taken that this is sharp and that 
enough is used to get a good grip between the barrel and the core or 
the latter may fall back down the hole when hoisted. 

Holes can be drilled of large diameWr by tlus method and supie- 
shafts (winzes), 6 ft in diameter have been sunk by this method in 
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Germany and in ihe U.S.A. In such large holes ihc weight of the 
string gives sufficient pressure on the bit: in smaller holes a rack feed 
is used. The speed of revolution is much less than with the diamond 
method, generally between 50-100 rev/min. In softer rock a Davis 
bit, with saw teeth suitably forged to 
give adequate inside and outside clear¬ 
ance, may be used. 

Raky and Similar Systems 

Where holes arc not req u ired to reach 
depths ofmore than a few thousand feet 
lighter equipment may be used and 
boring rigs of this type arc known as 
•*slim-holc’* systems. 

The Raky system has been used fairly 
extensively on the British coalfields to 
reach depths of 3-4,000 ft. It is a 
percussive method and so has the 
advantage of drilling a vertical hole 
with little deviation and is also easily 
converted to a rotary core-boring 
system. In this system 2 in. drill pipes 
with tapered threads and the ends 
thickened up are used in conjunction 
with a heavy chisel, stellite faced, and a 
mud flush with a specific gravity of 
1 >4 is circulated down these pipes and 
returns between the pipes and the sides of the hole or the casing if 
this is required for support. 

In order to Increase the speed of drilling a relatively large number 
of strokes, 80-120 per min, of short length, 3-12 in., are imparted to 
the pipes by means cf a ‘Svalking beam" suspended ftom the boring 
frame by a system of 30 or 40 springs, a (Fig. 148). By this arrange¬ 
ment the inertia of the drilling pipes is reduced allowing a greater 
number of strokes per minute without setting up heavy vibration 
which would lead to breakage of equipment. The feed is controlled 
by three clamps on the drilling pi^s supported on the end of the 
••walking beam" through which the drilling pipes pass. By slackeri- 
ing the clamps the feed is increased aod the rotation of the pipes is 
produced by turning the clamps by hand. 

The change to the rotary system is by the substitution of a rotary 
table running on ball or roller bearinp. driven by a bevel pinion 
on the same shaft as a belt wheel rotated by the main engine. The 
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rotation of the pipes is by two vertical rods fixed to the rotary 
table and engaging a clamp on the pipes. 

The feed is controlled by a handwheel which engages a plate clutch 
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and pays out rope by which the drilling pipes are suspended from the 
hoisting drum. A counterbalancing system is used to balance the 
weight of the rods and enable them to be lifted if necessary to prevent 
damage to the diamond bit which is generally used for rotary boring 
although chilled shot may also be used. 
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Ib drilling holes in connection with the freezing system of shaft¬ 
sinking a similRr method of percussive boring is used. The derrick 
moves round the periphery of the shaft on circular rail tracks (Fig. 
149), concentric with the shaft, to facilitate easy movement from hole 
to hole. The drilling pipes are also in this case 2 in. diam with a clear 
water flush. The initial diameter of the holes is 8 in. for 300 ft and 
then 6 in. for the remaining depth, in one case 235 ft, and the mnxU 
mum permissible deviation is P. The pipes are turned by hand. 

Casing of Boreholes 
As already indicated casing is used in 
drilling to prevent the walls of the hole 
eaving in ond jamming the tools. In 
addition it may be used to shut off 
water to prevent contamination of oil 
or the escape of ps and oil from one 
stratum to another. In those cases 
where it is known before-hand that the 
hole is to be lined with casing from top 


(«) (^) (c) 
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to bottom, one diameter is used throughout. Generaliy, however, 
this is not required, particularly if mud-flush is adopted, and casings 
which telescope into each other are used and (his entails using a 
corresponding number of bits of decreasing diameter. In order that 
(he Anal diameter shall be adequate this entails commencing wich a 
hole of large diameter. To obviate this the hole may be reamed out 
whenever casing is required so that casing of one diameter only is 
used, fresh casing beiog added at the top and the casing string driven 
down to the required horizoa. 

Casing may be flush-jointed, a (Fig. 150), where heavy driving is 
not necessary, swelled jointed, b, or screwed and socketed, e. where 
heavy driving may be necessary, or joined by welding. Each length 
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of casing is provided at the base with a shoe which may be toothed to 
assist driving, and at the top with a driving head (Fig. 151). The 
drilling string is fitted with clamps at the bottom and is then recipro¬ 
cated as in “spudding,” the clamp strikii^ the driving head. For 
lifting the casing a heavy clamp (Pig. 152), is used which is fitted 
with serrated “slips,” to grip flush-jointed casing. 

Casing is sometimes cemented in position to strengthen it against 




PiQ. 151. Dkivi Htse ANO Skos <Ciuium) 



Re. 152. Cajino Tuh HcbMA (Crailiw) 


attack by corrosive water and to assist in sealing oft water, gas or 
oil. The cement is made thin and placed in the bottom of the hole. 
The hole and casing is fllled with water and a ti^t cap is placed on 
the casing. This is then lowered and the cement is forced up between 
the casing and the sides of the hole. 

When the purpose for which the hole was drilled is fulfilled the 
casing may be withdrawn. This may be accomplished by means of a 
screwed plug, or a Kind plug, consisting of an oak plug which is 
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enabled to grip the casing by dropping sharp grii between the plug 
and the casing. If the casing cannot be withdrawn in one length it 
may be cut into suitable lengths by means of pipe cutters, ^rew or 
hydraulic jacks may also be used at the surface to draw casing. 

ORGANIZATION OP ORaLING OPERATIONS 
The choice of the method of drilling to be adopted depends on n 
great many factors including the depth to be reached, time available* 
capital and running cost of the equipment, water supply, type of 
strata to be drilled and facilities for transport. The limits of deptits 
obtainable by tlxe systems described have been indicated. 

An important point is whether the drills are to be purchased and 
operated by the company on whose behalfdrilling is to lake place or 
whether the work should be let out to contractors, thus saving 
capital expenditure. Contract drilling is often faster but speed may 
be gained at the expense of core recovery so that a minimum 
percentage of core recovery is stipulated in contracts which may vary 
from 94 per cent in hard rock to dO per cent in coal 

Continuous working over the twenly*four hours on three shifts 
gives a higher shift footage drilled tlian single or double shift working 
per day. Supervision, supplies, core recovery and cost of drilling are 
improved if three or four drilling rigs are supervised by one foreman 
who may also set bits in diamond drilling. 

The drilling crew required depends upon the system of drilling 
adopted but is generally two^ charge driller and a helper, tfa pair 
of drills are working within close proximity of each other a sampler 
is generally employed to take charge of the boring records received 
from the charge driller, take sludge (cuttings) samples and arrange for 
the sampling end filing of cotes. Sludge samples, which arc the sole 
evidence obtained in percussive boring, are recovered in wooden 
or galvanized settling Unks from the returning flushing water. A 
sample splitter, arranged with a number of parallel partitions leading 
from a common launder, enables a representative sample of con¬ 
venient size to be obtained accurately and automatically from a bulk 
sludge sample. 

After use all equipment must be cleaned out with meticulous care 
or unintentional “salting” of succeeding samples may occur. Where 
rotary drilling is adopted both the cores and the sludge are generally 
available. In working out assay values in metalliferous deposits due 
regard must be paid to the relative volumes of core and sludge 
samples and an effort must be made to recover the very finest 
sludge which may show relatively high values. 

In metalliferous deposits the core is generally split by means of a 
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core splitter CFig. 153). one half being assayed and the other kept 
for reference by filing in proper order of depth in boxes or cabinets. 
In boring for coal the whole of the core recovered is generally 
analysed after details of dirt bands, claraln, durain, etc., have been 
recorded, the bands being generally analysed separately. 

In Great Britain, Sect, 23 of the Mining Industry Act, 1926, 
requires that oil cores shall be kept for at least six months in order 
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that they may be inspected by an officer of the Department of 
Scientific and Industrial Research, while the Coal Industry Nationali¬ 
sation Act, 1946, Scot. 1 (2a) gives to the National Coal Board 
exclusively the right of searching and drilling for coal. 

As many boreholes pass through water-bearing rocks or through 
upper waterlogged seams, it is essential for future safety that all 
boreholes when they have served their purpose should be effectively 
plugged. This is best assured by filling the hole with concrete using 
a ccruent which will set under water if necessary. 

The proving of any area for economic minerals should be performed 
in a systematic manner or needless expense will be incurred indrilling- 
In boring for coal the holes are often sited at the comers of squares 
with relatively long sides of a mile or so. Where the material sought 
occurs in veins or masses the problem, in the first case, is to determine 
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the direction and useful mineral content and for this reason the holes 
are closer together on each side of the line which geological evidence 
suggests as the likely direction of the vein; in the second case the 
problem is to determine the vertical and lateral eacent of the mass as 
well as its mineral content at difTerent points. In this case holes on 
the corners of squares about 200 ft side are adopted. 

The value of a borehole will be very much reduced if no adequate 
record is kept, and kept with metieulous aceuracy, of all possible 
information of the strata pcnetraicdi Its hardness, whether water- or 
oil-bearing, economic minerals encountered (Including eoal scams) 
and any fossils found, With the record is generally incorporated a 
progress report of the borehole with reasons for delays or accidents 
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and the lengths and diameters of casing inserted. These records are 
diverse in make-up as they depend upon the purpose for whieh the 
hole is being drilled; but their proper and prompt entry Is essential if 
the expensive drilling is to be justihed and it is better to record too 
much than too little. It is as well to have the records checked at 
fhequent intervals by a trained geologist so that proper descriptions 
of strata may be used and any fossils encountered properly identified. 

Deviation of Boreholes 

Boreholes drilled by percussive methods deviate less than those 
bored by rotary methods, In general, deviation increases to a marked 
degree with increase of depth and also depends upon the dip of the 
strata as deviation is generally along the line of full dip, particularly 
in steeply inclined strata. In rotary methods the longer the core- 
barrel used the less the deviation, In order that true depths and 
directions of boreholes may be determined it is necessary to measure 
both the amount of deviation and the direction in which it occurs. 
There are a number of instruments available, details of which are to 
be found in text-books of mine surveying. 

The oldest method still used to a large extent is the hydrofluoric 
acid method (Fig. 1J4). In this a metal container carries a bottle of 
dilute hydrofluoric acid with rubber stoppers which is lowered into 
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the hole to a point at which a deviation reading is required. It is held 
there for a sufficient time to etch a line on the bottle. This is nearly 
the true horisontal Hne but needs correction for capillarity on the 
upper side of the bottle. The deviation from the vertical is measured 
by means of a goniometer, but it does not give the direcdon of 
deviadon. In the Kiruna method copper is deposited eleetrolyticaUy 
from solution leaving a rim similar to the line etched by hydrofluoric 
acid. 

Other more accurate methods include the Gyroscopic-Ginograph 
method, electrically operated from batteries, which photographs 
time, temperature and ineUnation from the vertical on 16 mm film 
and can take one thousand readings descending then ascending the 
hole as a check. Tlic Gyroscope maintains tlu casing on a fixed 
bearing. Photo-magnetic methods which photograph the image of 
a plunib'bob on a disc also recording direction of deviation, have 
also ^en used. The Briggs Clinophone transmits electrical signals 
communicating to the surface the position of a plumb-bob fitted with 
a needle relative to four electrodes arranged N. S, £ and W, the needle 
and electrodes being immersed in an electrolyte. Signals are matched 
with a similar arrangement of needle and electrodes at the sudace 
end the needle then reads the deviation and the direction of deviation. 

Under»sea Drilling 

Unde^sea drilling, or off-shore boring, was developed by the oil 
companies for tapping under-sea oil reserves off the coast line of the 
Gulf of Mexico. This method is now extensively used in the Persian 
Gulf (Fig-155). 

In 1955. the National Coal Board constructed a sea boring tower 
for proving the extension of the Fife Coalfield under the Firth of 
Forth, particularly about twc-and-a-half miles off the site of the new 
Setfield Colliery near Kirkcaldy. The drilling tower which stands 
I$0 ft above sea level was built at a cost of £ 186 , 000 , of specially 
fabricated tubular steel upon a heavy steel box-girder base, with 
hoQow members which may be filled with air to provide buoyancy 
when the tower is being towed. The tower wei^ approximately 
500 tons. For towing, the base of the tower is “strapped" to two 
pontoons, each 170 ft long and 125 tons in weight. The drilling rods 
are shielded by a tubular casing 160 ft long and 24 in. diam«er, 
down into the sea bed. The tower is intended for use in water up to 
20 fathoms deep at low tide and is constructed so as to remain steady 
in all weathers. When lowered into position it rests securely on the 
sea bottom and Is capable of withstanding an 80-mile-an-hour gale 
and waves up to 30 ft in height. The buildings, forming the living 
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quarters, baths, recreation room, galley, mess, power house and 
toilet facilities, are constructed to withstand wind pressures up to 
50lb/fl^ and the walls have been specially constructed to provide 
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warmth with a tower section of water-proof phenobglued plywood, 
an inner skin fibre board and the cavity between packed with glass 
wooL Distillation plant is provided which can produce 42 gallons of 
fresh water an hour from sea water. The drilling equipment is 

capable of reaching a depth of at least 2,000 ft. 
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Underground Boring 

DriHing operations m&y take place frotn underground workings 
either in n vertical direction or at any desired angle. If holes are to 
drilled to a fairly great depth a hole is excavated above the site 
selected so that the drilling rods or pipes may be screwed and un> 
screwed in long lengths. The operation of drilling underground is 
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(he same as on the surface except that, owing to linitatlons of space, 
the equipment is made as compact as possible. 

Fig. 156 shows a hand boring machine of the rotary type which may 
be used to bore distances of 50^ ft in any direction. The differantial 
feed wheel shown allows the rate of feed to be reduced when boring 
hard rocks. Such a machine is useful for recovering a coal seam 
displaced by a small fault. Hammer drills may be adopted for 
capacities to 150 ft and even more. Sectionalized drill rods are us^ 
with screwed couplings and a water feed. Only sludge, of course, is 
recovered from the strata penetrated. 

Pigs. 1S7 and 158 illustrate diamond drills with capacities of 300 ft 
and 1,000 ft respectively for operation underground, The costs of 
underground drilling vary considerably with the system employed 
and the strata encountered. In underground prospecting for gold 
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using the diamond drill and holes up to 500 ft in length costs were 
lOs 2d and 9s 6d per ft in two cases covering a total footage of 
10,700 ft, and 88 $d and 9s per ft for shorter holes between 75 and 
350 ft in length in limestone and gmnite, a tungsten carbide tipped 
bit 1 in. diam being used in the latter. 

QUESTIONS 

1. Describe iho rQtnry system of boring in which cores ore not ohiainod. 

Discuss the uscfijlnos or otherwise of this system of boring In provli^ the 

extension of eencooled coalfields. 

2. Compare the advuniuges cind disndvnntugm of percussive und rotary 
systems of boring. 

Deecribe the use of water and niud*niiKhl r\g uml t ho bonedis to ho derived from 
their use. 

3. Oive a general account of the niud<flijsh system of boring. Indicating Its 
appliCMion to coal prospecting. 

DmI with the Importance of mud*flush control arut briefly dacrlbo unv 
modification of the system which allows of uninterrupted recovery of took 
samples. 

4. Oeecrlbe the diamond system of boring and the method cf recovering cores 
of the strata penetrated. 

Explain how a second core may be recovered from the some boring. 

5. what methods are adopted to prevent the sides of boraholes collopsing 
during boring opemtioni. 

d. with the purpose of developing a new colliery an attempt it to be made to 
prove n concealed coalfield overlain^/ New Red Sondttone. 

Outline the method you would adopt to obtain the greaieet possible amount of 
useful Intormotion from a lurfbee boring programme. Stete the nature of the 
infornwition you would hope to obtain. 

7. What methods may ^ adopted to determlrte the amount and direction of 
deviation of t boraholef 

8. Under whet elreumtuinees may boreholn be required underground at 
collieries? 

9. A new colliery is to be developed in an unworked extension of a producing 
coalfield. 

The new area measures six ml les by four miles and from existing data Is expected 
to be traversed by two large Ibuitj. 

Describe how you would explore the new area and determine its structure 
before embarking on the sinking cf the shsfu. 


CHAPTER XI ir 


ACCESS TO MINERAIS 

Thc common methods of providing access for the working of 
minerals arc— 

1. Dy prQctlcally>lcvcI cro$s*incasure drifts or adit levels. 

2. Dy inclined drifts or tunnels. 

3. Uy inclined shafts similar to (2), but more highly inclined. 

4. Vertical shufis circular, elliptical or rectangular. 

5. Compound shafts. It. partly vertical and partly inclined. 

In most cases two means of egress, generally intake and return 
airways, must by law be provided and combinations of two methods 
are common, 


DRIFTS 

Means of access by level and inclined drifts. (1) and (2) above are 
usually confined to shallower deposits but the reduction in the cost 
of drifting by meehanieal means has increased the scope of these 
methods, This means of access has been preferred to vertical shafts 
with cage or skin winding in the reorganization of Lumphinnans 
Colliery in the Fife Coalfield, at Wliitehill Colliery in the Loihians 
Coalfield and at Desford and Bestwood Collieries in the East 
Midlands Coalfield. Details of important drifts which have been 
driven for this purpose or in conjunction with vertical shafts for 
locomotive haulage, particularly where the horizon system of mining 
is adopted with practically level laterals and cross-cuts, are given 
on p. 250, 

Inclined drifts have alio been driven from tbe surface for exploit¬ 
ing small areas of coal with a life of 5-15 years at no great depth. 
Intensive methods of working are adopted and the output per man¬ 
shift is high and may attain 63 cwt. Direct rope haulage with drop- 
bottom mine cars of 2 tons capacity have been used with success m 
Scotland at Thornton and Benarty Collieries, and belt conveyors to 
the surface have been used at Bulkllffe Wood Colliery in West 
Yorkshire. In metalliferous mining inclined shafts are often driven 
in the deposits to be worked. They are less permanent than vertical 
shafts and winding and support are more difficult but they give an 
indication of the value of the deposit u they are beir^ driven. Since 
valuable mineral is produced they are cheaper to drive than vertical 
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shafts although the methods of driving are similar. They are oflen 
used in mineral veins where the length of crosscuts required to 
connect the veins to vertical shafts would be so great that the cost 
per ton of mineral to be worked becomes excessive. 
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The world record for the driving of such cross-cuts was achieved 
by the Doorafontein Gold Mining Co., in South Africa during the 
month of April, 195d. where the rate of point to point advance in a 
single road was 1,903 (t The actual advance for 30 days was 2,170 
ft and If account is taken of converted footage for traverse bays. 
otc.» this becomes 2,238 The best footage obtained in any 24 hours 
was 110 1^, and the four crews concerned are regularly breaking 
between 100 and 104 ft per day. which is greater than had been 
expected. 

The twin cross-cuts, lOftx IOftand9ftx9ft finished, respec¬ 
tively, were being driven to a sub-vertical shaft a distance of some 
9,000 ft for ventilation. Four six-hour shifts were worked per day 
and the equipment used included 2i-in. diameter rock drills and 
air legs, tbe drill steels used being 1 in. round hexagonal 
tungsten carbide tipped. Air operated mechanical loaders were 
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used and a 34*h-p. 5-ton diesel locomotive. A standard drilling 
platform was in use together with a manifold car. traversers and 
four ton side-discharge hoppers. The cross-cuts were laid with 
single track, 2-fl gauge of 45-Ib rails. A 6-in. diameter compressed 
air column was used and a d-in. water column; exhaust ventilation 
was through a 30-in. diameter pipe line with a I6*in, ventilation 
booster column. A 2'in. diameter water blast was in use for dust 
suppression. 

Personnel employed included 21 Europeans and 30 Africans per 
shift. The excellent progress is ascribed to high morale of the crews, 
the four six-hour shifts per day, the use of suitable drilling and load¬ 
ing equipment and the high compressed air pressures maintained of 
90 to 100 lb/in.‘, which gave high drilling and loading efficiencies. 

In October, 1956, (he Cementation Co.> at Goldthorpe Colliery. 
Yorkshire, advanced the Bella Drift 63 yards in one week in a tunnel 
being driven from the surface through Coal Measure shales and 
sandstone at an inclination of 1 in 8*9. The drift, supported by steel 
arches, is 12 ft 9 in. x 16 ft wide with the arches 2^6^ in. centres. 
Five Atlas Copco wet type drilling machines were used and loading 
was carried out by an Eimeo 40H loader. 

Drifting in the United Kingdom during recent years has been 
mainly for projects of the National Coal Board and the North of 
Scotland Hydro Electric Board. The conditions under which 
drifting was carried out for the two organizations are very different. 
Tunnels for hydro-electric projects have normally been through 
strata which required little or no supporting and the regulations 
governing shot-firing procedures and gejieral operations were much 
less vigorous than those applying to National Coal Board tunnels. 

In the hydro-electric tunnels rates of advance in tunnels of the 
order of 10 ft in diameter are commonly in excess of 300 ft per week, 
the record performance of 557 ft in seven days being achieved in 
1956 by the Mitchell Construction Co., at the St. Fillana project. 

The most commonly used equipment in the hydro-electric tunnels 
are Eimeo 21 rocker shovel load^s and alrleg-mounted drills. This 
equipment was used in the St. FJIans tunnel. In N.C.B. tunnels 
tlw Eimeo 21 rocker shovel loaders with airleg-mounted drills are 
also the equipment most commonly used. Other common loading 
equipments are the Eimeo 40, the Mavor and Coulson M.C.3, and 
M.C.2 gathering arm type loaders, the Sullivan Slusher (for in^ned 
drifb) and the Conway 60. Drilling equipment in use other than 
airleg-mounted drills comprise driU rigs or “jumbos" carrying two 
or three heavy percussive drifters. Limited use is made of (he 
Hardypick rotary drilling machine and the German rotary-percussive 
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drills are being introduced mainly on an experimental basis at 
presenl- 

The I imitations imposed on N.CB. tunnels by the regulations 
applying to coal mining have been mentioned above. In add i lion 
the rate of advance in many cases is limited by the haulage, winding 
and dirt disposal capacity of the colliery. The majority of N.C.B. 
Tunnels are being driven at collieries which ure in full production 
and the transport ofsionc» materials and men to and from The tunnel 
Is in addition to the normal demand on the colliery services for coal 
production. Due mainly to these various limiiutionH the perform¬ 
ances in N.Cfi. tunnels do not compare favourably with those 
attained in the hydro-cIcctric and foreign tunnels mentioned above. 
A number of very good performances have, however, been acJitevcd. 
The performance at 6oldlhorpo has already been mentioned. 
More rccenily a new drivage ut Cynheidre has been advanced IH3 
yards in one month. At Bank Hall Colliery In Lancashire a drtvugc 
of 1,400 yards total length was driven at an nverago rate of 96 ft per 
week frorn start to finish. In N.C.B. projects, where careful planning 
and phasing of a whole project (of which drlAIng is only a purl} Is 
required, the rate of drivage sustained over a long period is of 
course more important than the attainment of high rates in u few 
isolated periods. Drivages at Manvers Main colliery in Yorkshire 
have averaged 25-30 yards per week over long periods. At this 
colliery an interesting combination of equipment has been deve¬ 
loped. Two Eimeo 21 rocker shovel loaders have been adapted for 
side loading on to a shuttle conveyor, and a drill rig carrying three 
heavy drills is mounted on the conveyor facilitating and speeding 
movement of the rig to and from the fhee. 

Investigations carried out in 1955 and 1956 showed the praclica- 
billiy of fwier rates of drivage in N.CB. tunnels even with present 
equipment. Where the limitations of haulage, winding and dirt 
disposal capacity can be overcome, the investigations showed rates 
of advance of the order of 50 yards per week to be a reasonable 
attainment. 

One subsequent step towards the raising of the general level of 
tunnelling performance has been the setting up of a National 
Demonstration Tunnel at AsJiton Moss in Lancashire. The average 
weekly advance in this tunnel for the last 6 months of 1957 has been 
40-45 yards per vwk. 

THE SINKING OF VERTICAL SHAFTS 
In a majority of cases in whii^ coal seams are to be worked at a 
depth greater than 250 yd vertical shafts will be adopted to gain 
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access to the seams. The thickness of the coal seams expressed as a 
percentage of the Coal Measures in which they occur will largely 
determine whether the pit-bottom and main roads will be established 
in particular seams or whether connection to the seams will be by 
means of level cross-cuts and laterals in the horizon system of mining. 
If the percentage is greater than 2| the latter system is worth examina¬ 
tion from the economies it offers in main road mdntenance and the 
saving which results from the use of locomotive haulage on these 
practically level main roads. 

The exact position of the shafts in the area to be exploited will 
depend upon a number of factors the relative importance of which 
will tend to vary in each ease and will therefore require to be 
"weighted" in accordance with experience. These are— 

I. SufAeiently level or approximately level ground for the con¬ 
struction of colliery railway sidings. A contoured map of the royalty 
will assist in the search for ample facilities for present requirements 
and future extensions. In mountainous areas with sceep-sided 
valleys* as often occur in South Wales* great difRculiy and undue 
cramping of sur^ce layout may be unavoidable. 

Z The position an^ depth of the seams to be worked and the 
method or methods of working proposed. 

3. The sterilization of thin or poor quality coal in shaft pillars. 
In folded strata the seams may be noubly thinner on tho crests of 
anticlines and this fact may be utilized in reducing the tonnage cf 
coal sterilized if shaft pillars are sited in these positions. 

4. Proximity to one, or preferably more than one, railway line 
although the advantage of eom^tition has largely disappeared with 
the nationalization of railways in this country. 

5. Storage capauty of sidings to be provided should if possible 
amount to three days' output of loaded wagons and two days* output 
of empty wagons although less capacity than this has proved sufficient 
near towns with regular clearance of sidings by railway companies* 
locomotives. 

6. Road and canal transport fadUties. 

7. Disposal of din from pits and screening plant. 

8. Water supply for boilers* condensers, washeries and coke ovens. 

9. Power supply particularly if self-generated power is not to be 
provided. Two feeders at least should serve the colliery if this has 
no power plant of its own. The tendency is towards purchased 
power cither from the National Grid or a Group Power station 
serving the area. 

10. Availability of personnel for working the colliery. 

II. Drainage fadlitles to dispose of effluent and mine water. 
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12. Ventilation requirements including the benefits of ascensional 
ventilation in incUn^ seams. In large royalties peripheral upcast 
shafU may be required to limit the length and resistance of trunk 
airways. Such a colliery, generally with a high annual output, is 
known as a “combined mine.” 

13. Provision of reserve areas for future plant extensions, or coke 
oven plant replacement, brickworks, posver station and coal slocking 
ground for storage and for continuity of supply in emergency to coke 
ovens and power station. Since the life of eoke ovens Is limited to 
about 20 years a replacement battery must be erected towards the 
end of the I lib of the existing battery. . 

14. Geological considerations including the Avoidance of wnier- 
logged strata expensive to penetrate and alluvial and wulcr^hcarlng 
ground where foundations for plant would be expensive. The 
vicinity of large faults also should be avoided. 

The size of the shaft to be sunk will depend upon whcihcr the out¬ 
put is to be wound in cages or skips, the output and the ventilation 
required, the size of mine car or tub to be used and the type of cage 
guide to be installed. 

On the Continent where great thicknesses of Mesozoic rocks have 
to be penetrated by freezing methods and where tubbing is used for 
permanent watertight linings, shafts rarely exceed 2D ft in diameter. 
In this country the National Coal Board has drawn up specihcatlons 
for the standardization of shaft, roadway and mine-car dimensions 
as follows. 

Sten^rd Shafi Slifs for Ntw Mints and Major Rfronslmriion Srhtrws 
Afier considering current British and Continental proeifco and requirements 
In this country, it has been recommended that eerioin shaft sizes should be 
iccapied as standard for new mince and major leconsiruetlon schemes, With 
doubie-windlng, i.e, four cam In one shaft, Ihe shaft diameters should 1 m 
lianderdJud at 24 ft and 20ft, and only in exceptional circumstances should 
22 ft and 2d ft diim shafis be necessary. The um of this size of shaA will be 
determined largely by ventiJation requirements particulsrly where extensive 
undersee coalfields have to be developed. For slngl^lnolng {Ivpo cages in 
one shaft) the shaft dJameiers should m standardized at 20 A. 16 ft and 16 A. 
T^ere are many obvious advantagsa to be obtained Aom standardlution of 
ShaA sizes, not least being the readiness with wbkh a standard range of mine 
cars can be adopted. 

Mine Cara 

Initially, It was considered that the first step towards standardization should 
be lr> respect of capadUee and dimensions, and U was agreed that the upper 
limit of capacity should be 3 tons and the lower limit 1} tons. The opinion 1$ 
held that such a rat^ge will meet the output requirements of most pils, and that 
only In special clrcumstaoces will a larger mine car be necessary. Obtain 
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standards will, however, be agreed at a later date for mine cars with capacities 
trom 3-d tons. 

Table I gives the principal dlmensiotis of a standard range of eleven mine 
can which have been recommended for consideration, though yet subject to 
confirmation. Three can are recommended for new pits. Car E for new siok* 
inp having four cages in 20 fi*diam shafts. Car H fbr new sinkinp having two 
cages in 16 fl*diam shafts, and Car / for new sinkinp having four cages in 
24 ft'diam shafts or two cages in 20 ft* and R-dlam shafts respectively. Any 
of these can. where suitable, could, of course, be used in a reconstruction 
scheme. Due to the wide diflerences In shaft sizes, it may be neeessaty to eon* 
sider some standard variation of the proposed range of mine cars. This might 
be accomplished by veiying the lengtns and heights by Ineremencs of 6 in. end 
3 in. respectivoly. To assist manufecturers end also achieve uniformity in 
design a general specification has been prepared. 

Table I 


SuagMted Rente of Siaseard Mine Car* for New Mines end 
KecojHtrucllons 


Car 

Ref. 

No. 

Cap. 

in 

ft* 

NomiiM 

Pay 

Lead 

Race. 

Rell 

Gauge 

Width 

of 

Body 

Depth 

of 

Body 

Lenrh 

of 

Body 

Total 

Hel|ht 

above 

Rail 

Lanath 

over 

Bufibn 

Wheel* 

base 

(1) 

<2J 

(3) 

(4) 

■81 

C6) 

(7) 

(1) 

W 

(10) 



Toni 

ft 

In. 

Id 


ft 

Jn. 

ft 

;n. 

ft 

In. 

ft 

In. 


A 

67 


2 

0 

D 

H 

m 

2 

K 


4 

6 

m 


nti 

B 

62 

1 '* 

2 

0 

11 

tl 

1] 

2 

K 


4 

d 

m 

tl 

Ih 

C 

61 

2 

6 

H 

□ 

i 

2 

i 


4 

fi 

m 

11 

m 

D 

25 

\ 

2 

El 

3 

0 

3 

2 

9 

3 

4 

6 

10 

0 


B 

22 


2 

n 

3 

3 

3 

2 

0 

3 

4 

6 

m 

El 

m 

P 

23 

1 

2 

B 

3 

9 

3 

2 

7 

3 

4 

6 


H 

m 

0 

110 

\ 

2 

0 

3 

6 

1 

2 

10 

3 

n 

6 

11 

0 

4 6 

H 

IM 


2 

d 

3 

9 

3 

2 

9 

3 

w\ 

6 

10 

0 

4 0 

t 

101 

3 

0 

4 

0 

3 

2 

0 

3 

B 

a 

9 

0 

3 6 

J 

129 

) . 

2 

6 

3 

9 

a 

2 

n 

3 

4 

6 

12 

0 

m 

K 

126 

‘ 

2 

0 

4 

El 

3 

2 

10 

3 

4 

6 

11 

0 

4 6 

1 

142 

3 

0 

4 

0 

3 

2 

It 

3 

4 

6 

12 

0 

3 0 

M(DB) 

03 

J 2 

3 

6 

4 

4 

2 


10 

3 

3 

0 

M 

0 



Car E—Roeemsieoded standard mine ear for new einkincs having four 
eetss in 20 ft4uim shefu. 

Cor H—Recommended standard mine car for new linkinss hevlot two 
cegM in 16 ft*dleni ihefts. 

Car Recommended standard mice car for new slitkinp having four 
cagee in a 24 ft-diem sheft and oew sinkings having two eagea 
in 20 ft* end IS fUliam shafts. 

Car M—2 tons drop bottom for use In shallow Drift Mines. 


It) selecting a suitable mine car from the range, regard should first be had to 
sbeft capacity. If the car selected cannot be accommodated io the shaft, the 
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next lower car In the rangeehould be chosen, end so on. When a car has been 
chosen which is suitable to the shett, but which is then round not to give the 
desired wlndiiu capacity, consideration should bo given to olteration ir> the 
shaft layout. Por example, it should be observed that in a given size of shaft, 
a larger cage can be utilized with rigid guides than with n»ibTe guides. Table If 
shovrs the suggested standard range of "mine cars In rotation to minlmun^ shaft 
diameters and minimum roadway cross^tion. The impo nance of laruu* 
capacity cars in any transport reconsiruciion cannot be too strongly empra* 
sized, wide variations In existing transport systems and mining uondllions 
malce the problem of standardizaifon very complex. Nevertheless, every effort 
should be made by lechnicai manogomenfs to plan reorganisAtlon schecnos on 
the basis of tlte standards. 

Table 1! 

Prepesetl SunSinl Cirs (Tibia I) In Relation m hflDlmum Sbaft Dlamefrn 
and Mlnlmufii KnudwAy CrnoMeeiiun. Slnalo Winding 


Minimum Sire 
of Rofidwuy 
Required for 

Deubla Tranie 


12 X 6 

U X fi 
12 X i 
12 X I 

11 < 9 

12 < 9 

12 X 9 
12 X 9 

12 X 9 

13 X 9 
13 X 9 


Note—Shaft diameters taken to the nearest foot. 

TTie fallowing minlfflum standard shaft elearaneos have been odopled— 

In column ^ 

Minimum clearance between cegoe.A in. 

Minimum clearance between cage corner and shafl wall . 6 In. 
Cage comen chamfered to Ainher economize spue. 


Car Ref. 
(TablalJ 1 

j 

Cor 

Capnciir 

Rffld 

Ouide* with ' 
Minimum 
CluraiKa 

R[|ld 

OuidM with 

Normal 

Clcartfice 

Flexlbla 
Guides wiih 
Normal 
Owninee 

<l) 

(5) 

fJJ 

(*> 

<21 


Tens 

ft 

1 ft 

ft 

A 

]i 

U 

12 

14 

E 

ij 

12 

12 

14 

c 

It 

12 

12 

14 

r> 
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M 

15 

14 

E 

2 

12 

14 

15 

P 

2 

12 

14 

IS 

0 

2\ 

IS 

14 

17 

H 

2| 

15 

IS 

17 

I 

2 ! 

14 

IS 

14 

J 

2 

14 

1? 

IX 

K 

9 

14 

lA 

IX 


In column 4— 

Minimum clearance between coges.g In. 

Minimum clearance between cage corner and shaft wail S in. 
Normal square comers on cagBS. 

In column 5— 


Mioimum clesrence between cages.IS In, 

Minimum clearance between cage end shaft well . 12 in. 

Normal square comers on ooges. 
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Kectajigolar and EUiptica] Shafts 
Formerly rectangular shafts were commonly used in coal-mining 
particularly in Scotland and they are still commonly adopted in 
metal mines throughout the world both for vertical and inclined 
shafts. However, circular and elliptical shafts (Fig.! S9). resist lateral 
pressure better and for deep shafts these shapes are generally pre¬ 
ferred. Rectangular shafts were generally lined with wooden 
"barring*’ as th^ were sunk and thus no temporary lining was 
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needed but a concrete fireproof lining is now generally adopted. 
They are usually divided into a number of square or rectangular 
compartments for hoisting, ladderways. ventilation, etc., separated by 
buntons or dividers as shown in Fig. 160. 

Elliptical shafts are a compromise between rectangular and 
circular shafts and are also divided into compartments like rec¬ 
tangular shafts. Modern elliptica! shafts are ^nerally lined with 
concrete. 

Circular Shafts 

Unless the ground to be sunk through is well known geologically 
it is advisable to put down a borehole and recover cores of the ground 
to be penetrated, particularly if (he presence of heavily water-bearing 
strata is suspected. The borehole ^ould be adjacent to, but not in 
the area of the site of, the shaft, unless it is intended to employ the 
freezing method of sinking through water-bearing strata. In review¬ 
ing the methods of sinking employed in different circumstances the 
first example wiU be a dry sinking in normal ground without geo¬ 
logical complications. 
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Collective expert opinion favours postponing the erection of 
the main headgear over the shaft until this has been sunk to the 
stone head and lined to the surface with brick or concrete. If the 
headgear is built before sinking is commenced there b danger that, if 
soft ground is encountered or excessive rainfaU occurs, the founda¬ 
tions of one or more of the headgear legs may be disturbed during 
sinking and trouble may continue throughout the life of the colliery. 
If the depth of the stone head is not excessive, say 20 ft, the debris 
from the sinking is thrown out onto stages and so to the surface by 
shovels. If deeper than 20 ft it is usual to employ a power*driven 
crane, such as a locomotive crane. This has a jib approximately 30 ft 
in length so that the sveight of the crane, which will be about 5 tons, 
is concentrated at a point at least 10 away from the side of the 
sha^. Hoppits are used in conjunction with a crane to a depth of 
100 ft. These are tipped into Jubilee trucks, railway wagons, 
dumpers or belt conveyors according to the method of transporting 
the din to the disposal area chosen. In this preliminary stage, in 
order to avoid shattering the ground, excavation is carried out as far 
as possible without the use of explosives, pneumatic picks being 
commonly used. 

Simultaneously with these operations, temporary offices, stores, 
workshops with smiths’ hres and carpenters’ shops, power supply, 
water supply and changing and living accommodation for sinkers 
must be provided. An explosives store should be erected provided 
with hot'water to prevent freezing of the explosives in very cold 
weather. 

Shaft Centre 

In order to fix the foundations of the winding engines and head¬ 
er it is necessary to determine the centre of the shaft. This is an 
mportant reference poiot for the whole of the colliery surface plant 
and is of course also used to fix the lining of the shaft and to maintain 
its verticaliiy, a tolerance of about 3 in, being provided by sinking the 
shaft oversize by that amount. To hx the centre four blocks of 
concrete about 6 in. square in cross-section are sunk into the ground 
for a depth of d ft at a distance of 30 ft from the edge of the shaft 
their position being fixed by a very accurate survey carried out by 
means of a theodolite. The blocks are arranged in pairs at right 
angles, one pair in line with the centre line of the shaft and the 
wiping engine and the other pair at right angles to the first pair so 
that the intersection of the lines marks the exact centre of the shaA, 
the lines being marked on metal plates let into the concrete. These 
lines are extended later to hx the position of surface plant. 
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At first, until the permanent centre-line apparatus is installed (as 
soon as the first length of sinking and shaft walling is completed), 
a light section girder fs placed across the shaft with a piano wire 
passing through a hole in the beam, which is moved until the wire is 
centred; then supports are arranged so that the beam may be placed 
in the same position subsequently. The excavation required at the 
surface for the shaft and the thickness of lining inserted ot the 
shaft collar, which is generally 2 ft 3 in. or 3 ft, is marked by a ring 
of pegs. 

A radius rod fs used subsequently, in conjunction with the plumb 
line to mark the shaft centre, to fix the position of the inside und 
outside diameters of the lining and to correctly position bricking 
curbs. This consists of a wooden rod In. square ot the outer end 
and 2 in. square at the inner end, tlie outer end being tapered and 
protected by a metal cap. At the thicker end saw cuts are made at 
distances from the point of the metal cap at the other end corres¬ 
ponding to the Inside diameter of the shat^ and the outside diameters 
fbr different thicknesses of linings. By means of a radius rod placed 
at the correct saw cut for the required thickness of lining the 
outside diameter of the excavation required can be swept out and 
marked. 

Temporary Support 

As the excavation proeecds downwards from the surface it needs 
to be temporarily supported and for this purpose skeleton rings 
connected by hangers and backing boards ore employed. The steel 
skeleton rings are from 4 in. to in. deep and {in. to 1^ in. thick, 
4 in. X 1 in. being a common size. The rings are In segments 6 to 
8 ft in length, the number of segments required depending on the 
diameter of the excavation. Each segment has three or four holes 
in each end spaced at 4 in. centres and the segments are connected by 
Ashplatea of the same section with 6 or 8 holes into which arc fitted 
1 In. square-necked bolts 3^ in. in length. Normally the segments are 
buti'jointed but, where a thicker lining is required and the excava¬ 
tion is wider, only the two end holes in the fishplates are used leaving 
a gap of 8 in. between the segments. For matching-in a long fish¬ 
plate is provided 6 h in length with a row of holes. Accommodation 
can also be obtained by overlapping instead of butt-jointing the 
segments so that considerable latitude U available in increasing or 
decreasing the perimeter of the skeleton rings. 

The uppermost skeleton ring, l.e. the first inserted, is su$p«ided 
from rails driven into the ground on a ring 10 yd from the shaft side 
in a direction sloping towards the centre of the shaft. Each segment 
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U connected by a ^lain or wire rope led over a sleeper at the edge of 
(he shaft to a separate anchoring rail, (he tension of the chains or 
ropes being equalized to distribute the load over a considerable 
area. The next ring below b suspended from that above by hangers 
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of wrought iron, b (Fig. 161), 1 in. diam or I in. square in cross* 
section bent at the ends in opposite directions to hi loosely on the 
rings above and below. The normal length of these hangers is 4 ft 
6 in. but in heavy ground the rings are required to be nearer together 
so that sets of hangers 3 ft, 2 ft 6 in. and 2 ft in length are also pro¬ 
vided. The third ring down is given separate anchors and chains on 
the surface. 




262 


GEOLOGICAL ASPECTS OF MINING 


Behind the rings are placed backing boards bin. wide, I in, to 

in. thick and 4 ft 6 in. in length either skin-to-skin or, in heavier 
ground, overlapped 3 In. held in place by wedges 3 in. x 3 in. and 
tapering to a point In their length of 9 in., placed in the middle of the 
board between it and the skeleton ring. Any irregularity in the 
periphery is supported by pieces of timber behind the backing boards. 
By these means the shaft is excavated to the stonehead and temper* 
arily supported. Subsequent operations depend upon whether the 
permanent lining of the shaft is to be of brickwork, concrete or 
reinforced concrete. 

Experiments are proceeding with chain mesh as a temporary 
lining carried by roof bolts let into the shaft periphery. The mesh is 
afterwards incorporated as reinforcement in a concrete shaft lining. 

Permanent Brickwork Uning 

The foundation for the first length of a brickwork lining Is a curb 
or crib of oak, cast iron or concrete set upon a suitable bed prepared 
and cut back in the stonehead. If a wooden curb is used it will be 
either 4 in, or 8 In. deep and about 14 in. wide. The deeper curb 
would be constructed of two layers of oak placed one upon the other 
with the joint broken, I.e. half»Up, each layer consisting of a number 
of segments depending on the size of the shaft, there being some 1 6 in 
each layer for a 21 ft finished'diameter shaft. The layers are con* 
nected by fin. bolts. 7|in, long, countersunk into both layers 
(Fig, 162^). 

Before it is sent down the pit the curb should be ereeted on a curb- 
table constructed on a level piece of ground, somev/hat greater in 
diameter than the shaft In which a level bed of concrete about 4 in. 
thick it laid down with a centre pivot to take a wooden radius rod, 
The curb on the table is bolted up and tested for a truly circular 
periphery and any inaccuracy Is corrected. The segments of (be curb 
are sent down the shaft and ereeted. A light girder is placed across 
the shaft and the plumb line is lowered. By means of the radius rod 
(he inner edge of the curb is centred by driving wedges behind the 
curb between it and the side of tbe excavation. The curb is next 
levelled by means of a straight-edge and level, thin wedges underneath 
the curb being used for this purpose. The centring is again checked 
and when both centring and levelling are correct the back wedges 
behind the curb are tightened up and concrete is run between the 
excavatioD and the top of the curb. 

Wooden curbs are strong and elastic but they are expensive to 
manuBicture and may perish in time. It takes approximately ba!f*a- 
shift to lay and level a wooden curb and centre it upon a prepared 
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bed. The time to erect and check in a similar manner an iron curb, 
also in segments (Fig. 1626), is about quarter of a shift. Iron curbs 
are. however, more brittle than wooden or concrete curbs and care 
has to be taken when blasting during subsequent sinking operations 
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below them. They are often combined with a water^garland as 
shown in Fig. 163. 

Owing to the reduced amount of preparation work required 
concrete curbs, which are strong and not easily damaged by blasting, 
are becoming increasingly popular, The ground is cut back in the 
form of a wedge as shown in Fig. 164. In order to key into the brick* 
work below, boards levelled on a foundation of loose broken bricks, 
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wood blocks and ashes are used and concantnc with ihc inside 
periphery of the shaft two rings of sheet steel shuttering are erected 
behind which concrete is well rammed. When this has set the shutter¬ 
ing, boards and loose packing are removed. If the shaft is wet 
arrangements must be made to conduct the water from the sides of 
the shaft clear of the concrete curb while it is setting. 

The standard thicknesses of brickwork linings of 
shafb are 9,14,18, 24 and 27 in. but the three latter 
thicknesses are used only in the vicinity of the shaft 
collar or in portions of the shaft with sides of ex¬ 
ceptional weakness. Generally unless the shaft is of 
abnormally large diameter, greater thon 22 ft. 14 in. 
brickwork is normally adequate and 9 in. brickwork 
often adopted. Unless the sha(\ is less than 15 ft in 
diameter special shaped bricks arc not required but 
ordinary hard well-burned bricks with n low porosity 
and good metallic ring of standard dimensions, 
approximately 8} in. x 4|m. x 22in., are used. 
The courses of brickwork should be suitably bonded 
for strength, the bonds commonly adopted being 
alternate stretcher and header courses and one header 
and three stretcher courses, the latter being some¬ 
what easier to lay. In wet ground cement mortur 
should be used. 

In order to distribute the pressure evenly over tlie 
lining in a dry sinking, well-burnt ashes are packed 
between the back of the brickwork and the shaft 
side. If rigid guides are used concrete may be 
^ adopted to grip the bunions carryi ng the guides firmly. 

Waiv OaVund If the shaft is wet ashes would have a tendency to 
pack so broken rubble or solid concrete is preferred. 

If an oak or a cast-iron curb has been used the brickwork is racked 
back about 2^ in. brick) per course until the thickness of lining 
required at the top of the shaft is obtained. If a concrete curb is 
adopted it will extend for some distance up the shaft and the brick¬ 
work above it will be of the required thickness to the surface. What¬ 
ever type of curb is used plumb lines down the finished circumference 
of the shaft are dropped from the surface to ensure the lining is 
vertical. 

Means must also be provided for suspending and raising the 
walling scaffold in the sh^. In the example shown in Fig. 155 used 
at the Brookhouse sinking 18 ft diam sunk in i929, the main members 
consist of 12 in. X 9 in. pitch pine timbers. The main doors In the 
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centre are of oak 3 in. in thickness with | in. bolts. The remainder 
of the decking Is of 3 in. deal. Alternatively the main members of 
the scaffold may be of steel sections. That at Babbington No. 4 shaft, 
IS ft 2 in. finished diameter, was 17 ft 2 in. diam and was built up of 
four channels 10 in. x 3^ in. and 4 in. x 4io. x fin. angles leaving 
a central aperature 7 ft^ On this main framework of channels and 
angles were fastened 9 in. x 4 in. timbers strengthened by flat steel 
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straps 3m. X ( in. with {in. bolts. On opposite sides of the 
scaffold were hinged doors 7 ft x 3 ft which could be raised to pass 
ventilation pipes and other obstructions at the side of the shaft and 
two smaller doors to pass bunions hxed at the shaft sides. When 
men were working on the scaffold the central opening was closed by 
two doors. When these were opened a rail attached to Che "bull" 
chains suspending the scaffold was placed round the opening. Four 
heavy sliding bolts were provided to hold the scaffold during walling 
but these are often notus^ except when re-cappiog the scaffold ropes. 
Four heavy wedges attached to the scaffold by chains were used to 
drop between the wall and the scaffold to prevent it from swinging 
when hanging freely. 

As it is assumed that the permanent headgear is ultimately to be 
used for sinking but has not yet been erected it is necessary to provide 
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means ot suspending the walling scaffold temporarily. These may 
comprise long girders across the shaft with the ends supported on 
cross baulks ja order to distribute the weight. The girders are 
connected to the scaffold by chain blocks by which it may be raised 
or lowered. These are used in conjunction with ropes capped at both 
ends. 10 and 20 ft in length, which, since the blocks give a lift of 10 ft, 
enables 40 ft of walling to be carried out. Alternatively a framework 
of 6 in. X 5 in. girders may be erected at the top of the shaft. In^ 
stead of ropes, chains may be adopted with a D link on to each chain 
as a safety precaution should the blocks fall. 

Bricking of the lining is carried out to the surface by these means 
and the temporary supporting rings and deals removed, pockets 
being left in the brickwork in which the compound girders to carry 
the kep*gear will be fixed. An excavation is left parallel with the rope 
line between the winding engine and the headgear pulleys in which 
the permanent centre-line apparatus is erected. Tliis consists (Pig. 
166), of a channel 6 in. x 3 In, with two stops bolted to the channd 
and two corresponding stops grouted into the floor of the duct so 
placed chat a small hole near the end of the chonnel is exactly in the 
centre of the shaft when the stops are in contact. Sounding cable 
may be used as the centre line and has the advantage of being non- 
corrosive, non-spinning and non-stretching. On the opposite side of 
the shaft to the centre-line apparatus is a conduit leading to a surface 
drain down which waier from the sinking may be disclurged, 

In addition to ordinary standard bricks, concrete and brick blocks 
three or four times (he weight of a standard brick may be used for 
lining. The number of joints and the work of building is somewhat 
reduced. 

Concrete Uniog 

Where a concrete lining is to be adopted the initial operation, when 
excavation has reached the stonehead. is the construction of a 
concrete curb some 2 A 6 in. wide and tapering to the normal thick¬ 
ness of the lining in a height of 4 ft. 

The concrete is retained until set by shuttering consisting of seg¬ 
ments about 5 ft in length. 2 ft 6 in. deep and ^ in. thick, the length 
being such that a suitable number of «^ub] segments gives the correct 
finished shaft diameter. Each segment has riveted round its edges 
2^ in. X 2} in. or 3 in. x 3 in. angle iron. On the bottom and on 
one side the angle iron overlaps the plate by ^ in., but on the top and 
the other side the plate overlaps the angle iron by the same amount. 
It will be seen that this arrangement forms a male and female joint 
and a baffle which prevents leakage of cement. 
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The sclents are reinforced by a tcc-seciion stiffening member 
3 in. X 2 in. running horizontally across the centre. The ^ in. bolt 
holes on the vertical joints are on 6 in. centres, those on the horizontal 
joints are oval to allow a lateral movement up to ^ in. and arc on 
12 in. centres. The vertical joints are butt Joints between the angles 
with the exception of one Joint from which the angle irons are omitted 
and an overlap of the plates substituted. Alternatively, a special 
angle iron with an acute angle on one plate and a supplemcnuiry 
obtuse angle on the other plate may be used. These special closing 
joints are necessary in order that Ihc segments may be taken down 
lutcr comparatively easily. 

It is essential that the first ring be correctly centred and levelled 
otherwise the lining will not be vertical. The floor of tlie stonchead 
is levelled and each segment is placed with a sleeper under the joint 
between two segments the bocks of which have been denned and 
greased so that the concrete will not adhere. The ring of segments it 
levelled up by means of twostroight'cdges 12 in. deep and 1 in. tliick, 
one of which is about 6 in. longer than the finished diameter of the 
shaft while the other is 6 in. longer than the radius. The two 
straight-edges are placed at right angles, a plate on top of the shorter 
resting on top of the longer straight-^ge. the two segments support¬ 
ing the lon^r are adjusted to a level position by wedges on the 
sleepers and the remaining segments are levelled by traversing round 
the shorter straight-edge. The centre line is then lowered and the 
radius rod applied and by means of "spear wood” or struts from the 
side to each vertical joint, the ring is centred and is then again 
levelled by the straight-edges. Centring ii again checked and then the 
levelling until both are correct. 

A base for the concrete is next prepared. Small dirt with sand on 
top to a depth of 6 in. is placed as a level bed. all round the shaft 
behind the ring of segments (Fig. 16?). Upon this is placed a ring 
of bed boards tapering from 7 in. at the ^ck to 6 in. at the front, 
about 1 in. thickness and the same width as the thickness of the 
concrete lining to be inserted. They fit closely around the sliaft and 
on top of them is stretched a layer of brattice doth. The ring is filled 
with concrete consisting of three or four parts of broken stone or 
hard pebbles, two parts of dean, sharp sand and one of cement. To 
get a good smooth face on the wall the concrete is well rammed, but 
care should be taken not to cause segregation of the aggregate or to 
displace the ring of shuttering. 

The spear wood is removed and the next ring of shuttering is fitted 
and bolted to the first and carefully centred. It should not require to 
be levelled but this should be checked. The temporary lining is 
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removed as the shuttering b extended. About fineen rings of shutter* 
ing arc provided, by which time the bottom shutterings may be 
removed as the concrete lining will have set. 

If rigid guides are to be installed for cages or skips, boxes for the 
buntons must be left in behind the shuttering and a plumb line hung 
in the shaft at each side so that these may be dead in line, the boxes 
on one side being twice the depth of those on the other side to 
facilitate the installation of the buntons. Care must be taken that the 
boxes do not become displaced and float on the top of the concrete. 
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The lining is continued in this manner to the surface, boxes being 
inserted for girders, for keps and other purposes and if a fan •drift or 
a cable culvert is required a number of Iwxes are stacked to the shape 
of the drift or culvert. Cere should be uken to ^ve a smooth lead to 
the air and to avoid sharp turns and short radius bends in a fan*drift. 

While the last length of lining is being placed, foundations are 
excavated for the headgear legs and the winding and scaffold engines. 
The concrete piers carrying the front legs of the headgear will be 
approximately 5 to 7 ft square and 6 ft deep but much depends upon 
the nature of the ground. The piers for the back legs are larger and 
finished at an angle to accommodate the rake of the back legs. The 
main appliances about the pit top are generally incorporated on a 
concrete raft or shaft block some 3 ft to 3 ft 6 in. in thickness and 
40 ft X 30 ft, or thereabouts, In area. This may be tied in to the 
shaft lining or may be separate. If the ground is unstable and move¬ 
ment may subsequently occur the two art generally separate so that 
the shaft lining is not disturbed. 

Ventilation tubes 20 in. to 24 in. diam are provided in 6 ft or 9 ft 
lengths with a length of canvas hose of the same diameter clamped to 
the bottom end of the pipes so that while air is conducted close to the 
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bottom of the shaft the ends of the pipes are not damaged by blasdng. 
The pipes are supported by damps of 2 in. X ^ in. iron round the 
pipes at 20 ft intervals and cormected by short sling chains or slays 
to cyc-plugs in the shaft lining. The pipes are connected together by 
two angle lugs at each end of the pipe through which bolts pass. A 
forcing fan is practically always installed since the pit-bottom» where 
the sinkers are at worki U by this method cleared of fumes from 
explosives first. Axial-flow fans with a capacity of about 12,000 
fl^min at a water-gauge of 9 in. to 12 in. are generally used, the fan 
being installed at or near the top of the shaft. 

A column of 4 in. pipes in !8 or 20 ft lengths carries compressed 
air at 9DJb/in.‘ for drilling from an eleciriCBlIy-driven vertical air 
compressor with a capacity of 500 to 600 fl^/min of free nir. These 
pipes ore clamped to heavy flat iron by a U-bolt, the flat iron being 
bent so that the ends are against the wall and are supported on rag 
bolts grouted Into the wall. At the bottom of the pipe line is a device 
for connecting half a dozen drilling machines to the pipe range. 
One such device is shaped like the air vessel of a pump with a number 
of } in. drilled and lapped holes to which bends and taps are fitted 
to take the drilling hoses. Another type consists of a tee-pipe 2 in. 
diam which is attached to the end of the 4 in. range and on which 
from six to eight valves and connections for drilling hoses are fitted. 

SINKING EQUIPMENT AT THE SURFACE AND WINDING 
ARRANGEMENTS 

It is usual to erect the permanent headgear of lattice steel girder 
sections or reinforced concrete and to use the headgear pulleys to 
support the plough steel lock coil ropes, generally lin. to ]}in. 
diam, attached to the walling scaffold. This generally entails but 
little alteration of the position of the pulleys from that finally adopted 
for coal winding. 

The lock coil ropes form guides for the sinking rider which steadies 
the hoppet during its ascent or descent in the shaft. A winding pulley 
is placed in a temporary position over the centre of the shaft during 
sinking. The scaffold ropes are attached to a double-drum capstan 
or winch. These are usually steam driven unless electricity is the sole 
source of power provided. In this c«e care must be taken to guard 
against accidents due to power failure with men in the shaft. The 
capstan is generally fixed In front of the winding-engine house. The 
drums are from 3ft bin. to 5ft 6in. diam and are worm-driven 
(Fig. 168), each drum being provided with a separate clutch and also 
a powerful screw brake on the worm shaft and on the drum. Arrange¬ 
ments are made for reversal- The gearing has a high reduction ratio 


272 OeOLOClCAL ASPECTS OP MINING 

$0 that the scaffold travels at a very slow speed and when stopped 
remains stationary even if the brakes are not applied. The sUc of 
the steam cylinders is approximately 10 in. diam by 16 in. stroke, 
but in any case, they should be well above the work expected from 
them at the greatest depth. 

It may be necessary to level up the scaffold periodically. When this 
operation is carried out, it is always the rope attached to the side of 
the scafTold that is low, which is raised relative to the other rope, and 
never the reverse since in this case, if anything went wrong, men might 
fall from t)te scaffold. The drum to which the higher rope is attached 
Is securely braked and the clutch then disengaged. The low rope is 
then rais^ the required amount in occordancc with signals on a gong 
and then stopped. The clutch on the other drum is engaged and 
the operation of raising or lowering the scoffold continued. 

On the Continent, particularly it one of the special methods of 
sinking to be described later is required, it is usual to use separate 
temporary plant for the sinking. In this country it is more usual to 
utilize as much of the permanent plant as possible after the stone- 
head is reached althou^ temporary plant may be used throughout 
or for (he shallow part of the sinking and while the permanent plant 
is being erected. 

In any case only one rope will be used on the winding drum as 
until recently it was considered that mere than one hoppet in the 
shaf\ at once would give rise to danger of collision and injury to 
men working at the bottom of the sinking. The winding engine, 
therefore, is working unbalanced and, if steam driven, may have one 
cylinder on dead centre at starting. It is necessary, therefore, to 
check that the moment of the engine with only one blinder receiving 
steam is sufficient to raise the full hoppet and length of rope. In 
other words that— 

5^* x|x w) 

where D * diameter of the winding-engine cylinder in in., 

S * diameter of crank circle in ft » length of stroke in ft, 

P « the mean effective pressure in the cylinder which will be 
about 80 per cent of the steam pressure at the engine 
slop valve, 

R s radius of the winding drum In ft, 

W * weight of loaded hoppet in Ib, 
w ss weight of rope suspended when the hoppet is at the 
bottom of shaft. 
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In order to Increase the rate of sinking, which is one of the 
bottlenecks in the development of a new colliery, more than one 
hoppet is used simuluneouily in modem sinkings. 

Hoppets 

Generally three or four hoppets or bowks are provided into which 
the debris is loaded, one or more at the bottom of the shaft being 
hlled, one being wound in the shaft and one spare. By this means 
there is no waiting for the hoppet to be hlled, the clivy at the end of 
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the rope being transferred in the bottom from the empty to a full 
hoppet. 

The hoppet shown in Fig. 169 is 3 ft 9 in. high, 3 ft 9 in. diam at 
the top and 3 ft 6 in. at the bottom with a high centre of gravity when 
the hoppet is loaded, the axis of the trunnions coming 2 ft 5 in. 
below the top of the hoppet. When the hoppet is empty the centre of 
gravity is below the axis of the trunnions and the hoppet automatically 
assumes its correct position. 

The body of the hoppet is formed of two curved and Upered mild 
steel plates }in. in thickness, butt jointed, with the two trunnion 
plates I in. in thickness forming the butt straps, Jin. diem rivets 
being used. The trunnion plate and pin on each side consists of a 
forging from one piece of steel. The base of the hoppet is dished some 
5 In. and flanged and riveted to the tapered body by f in. diam rivets. 
The hoppet is suspended by means of a bow which fits on the trun- 
tkions, these being riveted over collars at the ends. The bows consist 
of two bars of mild steel, each 3 in. by 1^ in. in cross'sectioo, con> 
nected by 3 in. distance pieces and a mild steel singlC'Cye forging at 
the top into which the bars are recessed. The forging is fitted with a 
2 in. shackle and a 2 ^ in. pin to which the clivy hook on the end of 
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the non-rotating lock coil winding rope is attached. The body U 
reinforced at the top by means of a beading 6 in. wide and I In. 
thick, double riveted in position. To keep the hoppet from over¬ 
turning a safety catch is htted with a tapered pin. a catch or sneck 
being generally also provided on the opposite side. 

Hoppet Guides and Rider 

To guide the hoppet in the shaft wiien it is above the bricking 
scaffold the lock coil ropes, which are attached to the scalTold by 



Pro. 170. atNXiNU RtDiK (Oakkia. Davibi) 

bull or bridle chains connected to four lifting irons with four eye- 
bolts, two to each main runner, are used as guides on which a sinking 
rider runs (Figs. 170 and 171). 

This consists of two frames of mild steel flats 4 in. x {in. The 
vertical members are connected by distance pieces, one in the centre 
and one at each end, where the brass shoes which run on the guides 
are positioned by means of two } in. bolls with split pins to prevent 
the nuu working loose. The vertical bars are half the disunce apart 
of the guide ropes in length. The horizontal bars, connected and 
stayed to the vertical bars carrying the guide shoes, carry in the 
centre a double-coned mild steel plate of all-welded construction, 
16 io. in thickness. 

The upper cone receives the spindle which guides the winding rope 
when the hoppet is below the walling scaffold. The spider (Fig. 171), 
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consists of a brass sleeve ^ in. greater in internal diameter Chan the 
winding rope, constructed in halves which are bolted together. To 
the sleeve are connected four wings of spring steel which position the 
sleeve in the centre of the rider cone. If an overwind occurs the 
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spider collapses and passes through the detaching plate or sleeve in 
the headgear and in no way interferes with the action of the detaching 
hook. 

When the hoppet descends below the scaffold the rider rests on 
rubber buffers or springs fixed on the top of short rubber hoses 
threaded on the scaffold ropes (Fig. 171). When the hoppet ascends 
the rider is picked up by the lower cone becoming engaged by the 
carrier cone carried on the chain below the detaching book. This 
oone consists of a mild-steel plate f in. in thickness welded to a disc 
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of mild steel, 1 in. in thickness, cerried on two forged mild steel links 
shaped so that the upper end can pass through two slots in the disc 
which is supported on shoulders on the lower halves of the limbs. 
The links are connected together and to the chain above and below 
by two strong mild*5ieel pins provided with nuts fitted with split 
pins. If for any reason the ri^r has to be temporarily dispensed 
with, such as when installing or repairing pipes in the shofl, chains 
are used to suspend it high up in the head^ar. 

The end of the winding rope is, of course, capped in the usual 
manner. If a lock coil rope is adopted, and this is often (he cose 
because of its non*rotating properties, either a white mctnl or an 
inter*locking wedge type of capping will be used both of which arc 
identical with those used for normal cool winding. In addition, a 
detaching hook is used of the King, Humble or the Omcrod type, 
the plate or bell for which is carried by cross girders in the headgear, 
This is also identical with the type u^ when coal winding begins. 

A large £>>1ink connects the capping with the detaching hook and 
this in turn is connected by long links to the rider carrier cone. Below 
(his come a number of long links to allow long material to be lowered 
in the hoppet below tbe rider. Finally the cl ivy hook is attached by 
means of a large D-link. The hook must be designed co prevent 
inadvertent detachment from the hoppet but must allow quick 
deliberate attachment or detachment to or fbom the hoppet and must 
be of adequate strength. The hook is tlierefore closed by a spring or 
a balanced lever or tongue, 

Lighting 

In order to illuminate the bottom of the sinking where the sinkers 
are at work, a cluster of six or twelve bulbs of 50-60 csndk'power 
with carbon filaments or traction type metallic filaments to reduce 
breakages is used. The cluster is arranged in an ironclad*type water* 
tight fitting with a shade to reflect the light down. An armour gland 
connects it to a two- or threescore armoured cable strong enough to 
support its own weight and that of the fitting. The armouring in turn 
is connected to the cable drum which is efficiently earthed at surface. 
The cores are 0*007 in.’ with an outer covering of rubber and has an 
external diameter of ^Irt The cable is wound on a special earthed 
cable drum driven through gearing by a 7J h.p. electric motor, the 
cable drum shaft being fitted with insulated brass slip rings to which 
the cores of the cable are connected, Brushes rubbing on these rings 
are connected, through switchgear for cutting off the supply, to the 
surface lighting mains. The cable is led down the shaft over a puUey 
fixed in the headgear. 
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SKot^flring 

The shot-firing cable* like the lighting cable* is self-supporting atid 
is single or double armoured. It is of the two-core type and has an 
external diameter of in. The cable is wound onto a hand-operated 
geared cable drum with an efficient brake* generally arranged along¬ 
side the lighting cable drum. The shaft has two insulated slip rings to 
which the cores are connected and brushes on the slip rings connect* 
when firing is to take place immediately, to an expl<^er. The other 
end of the cable is attached to an ordinary shot-firing cable which* 
being more easily repaired than an armoured cable, preserves the 
lower length of the latter from damage when firing. 

Signalling 

Signalling arrangements must be provided for the hoppet and the 
scaffold separately. For the former a } in. wire rope is suspended in 
the shaft with the lower end just above the level where the men are 
working. When this piiU-wire U operated a hammer strikes a plate 
as the signal to the banksman and a push-button is operated by him 
to transmit the signals electrically to the winding-engine house. 

For movement of the scaffold, lighting and sKot-hring cables a 
hammer and plate is used to signal to the banksman who can 
transmit signals electrically to both the winding-engine and the 
captun-engine house. 

During shaft inspections and when the hrst man descends or the 
last man ascends the hammer and plate is then used to control the 
movement of the hoppet, signals Ming relayed by the banksman 
electrically to the winding-engine house. 

Indicator 

An indicator to show both the bottom of the shaft and the position 
of the walling scaffold where the rider will be picked up or left is 
required. This is generally of the vertical type rather than the circular 
clock-face dial type and must be constructed in such a manner to 
allow of easy, accurate adjustment as the shaft is deepened. 

The hoppet must be slowed up when leaving or picking up the rider 
and by Sect. 66 of the Coal and Other Mines (Shafts. Outlets and 
Roads) Regulations, 1956* under the Mines and Quarries Act* 1954, 
the hoppet must be stopped 18 ft from the bottom of the shaft or 
above any cradle or platform upon which the hoppet or kibble is to 
alight and await the ebargeruan's signal to lower. V/hen raising 
the kibble or hoppet is shall be stopped 4 ft from the bottom and 
steadied before being signalled away by the chargerDao. The other 
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provisions of these Reguhiions relating to sinking shouM also be 
studied. 

Suikine Fit Protection 

Pit doors or some other method of protection is necessary at the 
top of the shaft to protect the sinkers in the bottom from objects 
which might otherwise fait upon them. Three systems are commonly 
used—(a) a Running Bridge, (b) flat doors at surface level and (c) 
flat doors at surface level and Vee or Inclined Door above. 

(cjThe Running Bridge consists of a movable platform running on 
rails laid on a strong frame at each side of the shaft opening. On the 
platform rails are also laid which connect with rails on the pitbunk 
and upon which a Jubilee tipping wagon runs. The front of the 
movable platform or bridge carries a fence and the opening at the 
shaft is fenced round on the other three sides. When debris is being 
wound the shaft area is open but fenced all round. The hoppet is 
raised to the surface above the height of a Jubilee wagon on the 
bridge. The bridge is then run forward covering the shaft opening. 
The hoppet is tipped into the Jubilee wagon on the bridge, the bridge 
is run back and the hoppet is lowered into the shaft. 

(b) When the shaft diameter is not too great, counterbalanced 
hinged doors may be used to cover the top of the shaft, Roils are 
flx^ to the upper side of the doors so that when they are closed a 
side or end-tipping wagon can be run on to them and the hoppet 
tipped directly into the wagon. Fig. 172 shows such an orrongement. 
The doors are connected by levers and balance weights to the piston- 
rod of a brake engine and when steam is admitted to this engine the 
doors are opened. On each side of the doors is an elevated platform, 
fenced all round and with small platforms on which the banksman 
and his assistant stand when tipping the hoppet into the wagon. The 
wagon is then run off the doors to be tip|^, the latter are opened, 
thus completely fencing off the shaft opening, and the hoppet descends. 

(c) When the diameter of the ihaf^ is too large to allow of the fore¬ 
going methods to be adopted with safety, it is usual to arrange a set 
of flat doors similar to these described above at surface level which 
complete the fence round the shaft when open, but for debris a chute 
is arranged at a higher level. This chute is fixed to a hinged door 
which is in the dotted position in Fig. 173, when the hoppet is being 
wound in the shaft. When the hoppet has been raised to the position 
shown the door and chute is thrown over, (he chute on the door now 
forming a continuation of the fixed chute delivering the contents 
of the hoppet to the dirt wagon on the right. The hoppet is tipped 
and emptied and then raised to allow the door and chute to be 
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withdrawn to the dotted position. The doors at surface level and the 
hinged door with chute above are operated by levers and balance 




PlQ. 172. FoLDTNo Doom tor Sinking 
AeMNi r, ralli; Afentacdilw: c»merim|bo. 


weights to facilitate opening and closing, care being taken that these 
cannot come loose and faU down the shaft. 

The actual operation of the doors is often performed by a steam or 
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coinpress«d.air engine of the steam reverset type equipped with 
floating-valve gear and a cataract cylinder. Fig. 174 shews an 
alternative arrangement utilizing Vee doors which when dosed form 
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a 90 * an^e the one with the other. Half-round slots are cut in the 
doors to enable them to At closely round the scatTold suspension 
ropes. A guide for the debris lipped from the hoppet when the doors 
are closed is fitted to one or both doors. The doors, wluch when 
closed lie at an angle of 4r to the horizontal, are supported by wooden 
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frames of 6 in. by 7 in. timbers and they are composed of 3 in. planks 
sheeted with | in. thick steel plate and secured by 4^ in. by 4| in. by 
\ in. angles at the ends of which the steel fotged hinges are bolted. 
The bosses of the hinges are bored to take a in. diam runted steel 
shaft, one to each door, to which the doors are keyed. Each is fitted 
with a lever and balance weight and the two sets are coupled together 
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for simuUaneous operation. The balance weights, which arc clear 
of the shaft, are further protected by fencing. 

These doors are practically invariably operated by a reversing 
engine. This arrangement has the advantage In that the hoppet is 
stopped in the tipping position and needs no further adjustment m 
height. It is tipped, the doors arc opened and the hoppet descends 
the shaft again. Tipping trucks of the Muifhill type (Fig, 175), are 
replacing other methods for transporting the debris from the sinking 
to the disposal site. 

Further Excavation 

Assuming that the equipping of the surface is complete, sinking 
will be resumed. The strata below the first bricking curb is excavated 
on a reduced diameter for a yard or so and then gradually cut back 
to the full width of excavation required for shaft diameter and thick¬ 
ness of lining. This first length beneath the curb is earned out as far 
as possible with a minimum use of explosives, pneumatic picks, 
hammers and wedges being used. The scaffold is placed m position 
clear of damage U blasting in the pit-bottom and is steadied by 
shooting the bolts or by insetUng the wedg« between the Iming and 
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the icatfold, thus sicadyiog the scaffold ropes forming guides for the 
rider. 

When the full width has been gained excavation is by shot-firing. 
The shot-holes are bored by heavy hammer drills with a consumption 
of 100 to 120 flVmin of free air, some half-dozen machines working 
in the bottom at one time. The drill steels are 1 in. diam with a \ in. 
hole down which a jet of air blows out the cuttings and keeps the 
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bottom of the hole clear. In normal ground reverse Z bits, a (Fig. 
176), are used while in hard ground chisel-edged bits, 6. may bo 
adopted. The drill steels are in sets of four, 20, 40, 60 and 80 in. in 
len^. Jack-bits are now very often adopted in sinking, both hard- 
steel alloys and tungsten carbide tips being used. 

The inner ring of holes, known as the '‘sumpers,” are bored on a 
circle of about 10 ft diam and all holes are inclined towards the centre 
of the shaft so as to lift out a cone of material when fired. The holes 
are bored to a depth of 6 to 7 ft and they are approximately 2 ft 6 in. 
apart is normal ground. The sumpets are usually charged with 
28 oz of Polar Gelignite or more. 

The next ring of holes on a circle 15 ft in diameter are less inclined 
10 the centre of the shaft, i.e. nearer the vertical, as they have a free 
face produced by the firing of the sumpers. The next ring, known 
as the side holes, are bored vertically practically on the edge of the 
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excavation required in hard rock and a short distance away, to avoid 
fracturing the sides, in softer strata. Pig. 177 shows typical shot^hole 
patterns in hard and sofl ground. Each ring of shots is hred simul- 
Uneously, low-tension detonators being us^ and the firing cable 
is tested periodically with a galvanometer for continuity. Delay 




(t) 
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action detonators may be used in sinking pits in accordance with 
Sect, 27 of the CoalMi/ies (Explosives) Order, 1956. Any irregularities 
remaining after firing are dressed off by hammer and wedge or by 
pneumatic pick. 

Explosives used for sinking are non*pennitted explosives and the 
exploder provided must be of a type approved by the Ministry of 
Fuel and Power. If the exploder is of the rackbar type a small 
direct current armature is caused to rotate at high speed, at the end of 
the stroke a contact is closed and current flows in the circuit through 
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the low tension detonators connected in series. The capacity of the 
exploder should be such that it is capable of bring hfiy shots in scries 
with a voltage of 180 and a current of three amps. Various other 
types of exploders are also available including those in which shots 
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are fired by discharging a bank of condensers charged to a high 
voltage. 

The debris after firing is loaded away Into hoppets and temporary 
supports are inserted. The first ring is supported on plugs driven 
into the side, or if a concrete curb has been inserted for the lining 
above, holes are bored in the curb some 2 A from the bottom of the 
wall and plugs inserted of 1^ in. round iron, 12 in. to 18 in. in length, 
pointed at one end and turned up for 6 in. at the other end. From 
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this a chain is hung which supports a segment of the first ring, each 
segment having its own plug. The second and third rings are hung 
by hangers from the first ting and in normal ground plugs are then 
inserted to support the third ring. The sixth ring is. in a similar 
manner, supported at first from above and then on its own plug 
supports. The distance sunk and temporarily lined before the next 
curb is inserted and the lining car¬ 
ried up depends on the strength of 
the ground and may be 60. 75 or 
even 100 Ft. If. however, weak 
ground is encountered the walling 
up of this portion U carried out 
earlier and it is secured as quickly 
as possible. 

The curb for a brick lining is in¬ 
serted in exactly the same way as the 
first curb and the lining, generally 
9 in. brickwork, is carri^ up to the 
wedge-shaped ledge of strata sup¬ 
porting the top curb. This may be 
built into the wall or the strata 
supporting the top curb may be 
removed piecemeal and replaced by 
brickwork- If the ground is very 
weak A lower curb may have to 
be supported on plugs. These are Pio. 17S. Oeoima Riko 
iron or steel rods several feet in 

length driven into holes in the strata so that about 2 of rod 
projects. 

\V%ere a concrete lining is adopted the concrete curb is hrst put in 
followed by the falsework for the lining and this is continued until 
the curb above is reached. At this point instead of the usual plates 
2 ft 6 in. in height a ring 2 ft or 12 in, or 6 in. in height is used. This 
is known as a '‘matcher" ring. The 6 in. matching ring is similar to 
a channel section, 6 in. X 2} in., in lengths of 3 ft and is curved to 
the radius of the shaft. 

The wall is brought up to within a few inches of the top curb by 
using some or all of the matching rings enumerated and on top is 
fixed the "grouter” ring (Fig. I7S), This consists of a 2^ in- x 2i in. 
angle iron bent to the radius of the shaft but fixed in the reverse 
manner to the falsework rings. The perpendicular side of the angle 
is thus 21 in. towards the centre of the shaft- To this is riveted a plate 
12 in. in height A fine grout of Whin sand and cement is poured in 
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here in a sufiidently fluid state to allow it to flow underneath the lop 
curb, the base of which is scoured up to ensure a good joint. The 
grouter ring is flUed to the Cop to give a small vertical head to prevent 
voids and to force the grout well back all the way round, When the 
concrete has set the plates are removed leaving a few inches of shaft 
5 in. less in diameter where the grouter ring was placed. This is 
dressed off with a hand or pneumatic pick. 

Water garlands will be required in the lining to collect water in the 
shaft. They are constructed in a similar manner to a curb. The 

Bill's Ce»n»irtid 
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excavation Is widened all round to a depth of 1 ft (Fig. 179). Wooden 
shuttering to the width of the garland required i$ flxed against the 
shuttering to give the required shape. The garland itself may consist 
of 6 m. X 6 m. angle iron curved to the radius of the shaft and 
flshplated together with countersunk bolts on the inside, 

Arrajigcnunts for DeaUag with a Small Quantity of Water in 
Sinking Pits 

If only a small quantity of water is encountered in sinking a pit it 
may be ladled into hoppets, wound in the ordinary way and dis¬ 
charged into the surface drainage. In order to pick up water without 
making sumps in the pit-bottom water barrels may be used which 
produce a vacuum and draw the water into the barrel. These are of 
two types (a) Piston type. (5) Vacuum type. Both are attached to the 
winding rope instead of the hoppet, 

(a) The Piston type of barrel consists of a mild steel circular tank 
4^ diam of 800 ga! capacity. It is fitted with a piston to suit the 
internal diameter of the barrel, the piston being provided with 6 in. 
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India rubber disc valves. The piston rod, 3 in. square, has a stroke 
of 8 ft din. and is attached directly to the wiadiog rope, sliding 
through a cast-iron guide block mounted on the top of the barrel. 
At a point 10 in. from the top of the barrel nine f in. holes are drilled 
as air inlets to increase the speed of water discharge. The system 
operates in the following manner^the barrel, full of water when it 
reaches the surface, is lowered into the water wagon run onto the 
doors covering the sinking- The water inlet valve stem, which pro¬ 
trudes underneath, strikes a fixed block in the bottom of the water 
wagon and the valve is raised off its seat and the contents of the barrel 
arc discharged into the wagon and fVom this into the surface drainage. 
The barrel is then lowered into the pit When the depth of water in 
the pit-bottom is less than the height of the barrel, the latter is lowered 
on to the bottom with sufficient slack in the winding rope to allow 
the piston to travel to the bottom of its stroke. On tightening the 
rope the piston is raised and atmospheric pressure forces water into 
the barrel in which it is retained by the bottom valve. 

(b) In (he Vacuum type the tank has a capacity of about 300 gal 
and is closed at the top. It is Atted with a water inlet valve at the 
bottom and a tube enters the side of the tank and is bent vertically 
reaching nearly to the top of the tank, The external end of the pipe 
carries half of a vacuum coupling. A vacuum pipe is taken down the 
shaft from an air pump on the surface. At the bottom the pipe 
carries a short flexible hose tcminating in the other half of the 
vacuum coupling. When the barrel is lowered into the pit-bottom 
the coupling is connected, air is exhausted from the barrel and water 
flows in through the inlet valve. A water gauge is fitted to the barKi 
so that it may be seen when this is filled. The coupling is then dis¬ 
connected and the tank hoisted to the surface. 

Speed of Sloklng 

Formerly the permanent winding engine was used for hoisting 
debris with one hoppet only In the shaft. This method has now been 
largely superseded. With shafu of 24 diameter and depths of the 
order of 1,000 yd, equipped with rigid girders to reduce clearances 
to allow four cages in the shaft, temporary winding engines for 
sinking only, working with two hoppets and dual-single winders, 
are being used. 

The record for sinking a circular shaft in South Africa is 743 ft 
per month attained in October, 1955. In this country in March, 
1955, at the Cynheidre sinkings in the Anthracite area of Soutlj 
Wales the No. 1 shaft was sunk for a distance of 222 ft 7 in. and 
lined for a distance of 158 ft 1 in. In the same month the No. 2 
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Shaft was sunk 238 ft 9 in. and lined for a distance of 140 ft 10 in. 
The overall dbCanoes sunk and lined per day for a seven day week 
were: No. 1 Shaf\4 ft 1 in., No. 2 Shaft 4 ft 10 in. 

In the first quarter of 1957 at Bevercoies No. 2 Shaft the average 
distance sunk and lined per month was ISO ft. 

MeehanJzalion 

Sinking frames for supporting hammer drills, such as tlie Walker, 
have been used in sinking for a number of years but do not seem to 
have had any very wide application; but as accurate hole positioning 
is important, positions may be indicated by means of u device 
pivoted on a centre pin equipped with a universally jointed arm and 
drilbguides to position the outer and inner holes. Chains suspended 
from the arms indicate the position of the intermedime holes. 
Drilling takes place in a definite pattern and all machines start and 
finish at the same time. 

For the loading of debris the restricted space available limits the 
choice of mechanized loading equipment. At present the Eimeo 621 
crawler-mounted rocker shovel, the larger Eimeo 630 and the cactus 
grab are the only loading equipments being used with success. The 
last ^uipment is the one most generally used. This has been used 
in this> and in many other countries, particularly in South Africa, 
and on the Rand the "Octopus" (Fig. 159) has been used to place 
concrete quickly behind shuttering in concretc-lincd circular and 
elliptical shafts. The octopus shown has a capacity of 2^ cu yd. and 
has ten 6'in. or 8-in. diam. pipes welded into the base. From these 
the concrete is defivered by d^-in. to 8^*in. diam. rubber hoses 
behind Che shuttering all round the shaft periphery. The octopus 
was at Urst clamped to a pair of guide or scaffold ropes on one side 
of the shaft on which also rode a 2^cu yd capacity Blaw-Knoa 
concrete bucket of the bottom-discharging type. Alter discharging 
its load of concrete in 15 to 20 seconds the bucket was hoisted to the 
surface and again filled with concrete from a 2i-eu yd capacity 
concrete mixer through a hinged chute. Further developments have 
been the installation of the octopus permanently on the top of a 
three-decked scaffold or stage (Fig. I80o) to be followed by the 
substitution of a 6-in- or 8-in. diam. pipe from the surface instead of 
the bucket for the lowering of concrete in the shaft, 

T^ grab has been used extensively to increase the speed of 
sinking, particularly of circular shafts which are increasing in popu¬ 
larity in South Africa, at the expense of rectangular shafts which 
were previously preferred. The rectangular shape is unsuitable where 
the strata is weak or heavily water-bearing and the increasing price 
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and difficulty of obtaining suitable limber and higher maintenance 
costs have reduced the economic advantage of timbered shafts. The 
greater resisiance they offer to the heavy ventilation requirements, 
because of greater depth and steeper geothermic gradients, empha- 
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sizes the advantages of lined, and particularly of smooch concrete* 
lined, shafts. 

Previously, one of the disadvantages of the eoncrete'lined circular 
shaft compared with the rectangular timbered shaft was that sinking 
operations had to be stopped while the concrete lining was being 
poured, a curb ring being set on the bottom of the shaft and shutter¬ 
ing, brought down the shaft in small sections from Che surface, 
erected on it. Concrete was then poured between the shuttering 
and the shaft walls to form a lining in from 30* to 60-ft lengths. 
The shuttering then had to be dismantled and wound in sections to 
the surface. 

In the relatively strong rock sunk through in South Africa it was 
found possible to suspect a curb ring from chains some 30 ft above 
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the bottom of the shaft thus leaviQg the shaft bottom clear for 
sinking to proceed while walling was taking place. When the 
concrete had to be lowered down the shaft in bottom-cmplying 
buckets and only a single winding rope was available this could 
only proceed during drilling and charging shifts when the winding 
engine was not winding sinking debris. A further recent develop' 
ment has been the transport of concrete down the shaft in a d*in. 
or S'in. vertical pipe mentioned above, the concrete being generally 
a mixture of 4} parts of sinking rock, crushed to below 1 in., to one 
part of cement, 5 per cent of calcium chloride being added to 
promote rapid hardening of the concrete and a plasticizer. 
**Lissapol/' to ease the flow rate. All the sinking and walling 
operations are integrated lo that they do not interfere one with 
another: the time taken to lower and reset the shuttering has 
been reduced to a minimum and the 30 ft of lining can be pieced 
in 32 hours, four hours less than the time required to sink this 
distance, which can be devoted to extending and fixing air, water 
and concreting pipe columns. In using a stage and moving con¬ 
creting shutter in this manner the placing of shot-holes must ^ very 
accurate as small protrusions left after blasting may be sufficient to 
foul the stage or shuttering and cause serious delays. 

Both in South Africa and in this country mechanized methods of 
loading sinking debris into hoppets are being increasingly adopted 
for the following reasons— 

1. In certain instances the winding facilities available exceed the 
loading capacity of the maximum number of sinkers who can 
conveniently be accommodated in the shaft bottom, and (he hoppet 
which can be raised by the winding-engine power available txcudi 
3 or 4 tons and in consequence be^mes unduly high for filling by 
hand with comfort. 

2. Shortage of labour in both countries encourages the mechan¬ 
ization of all possible operations, 

3. Interruptions to the normal rate of sinking may result from 
difficulties due to water or very weak ground, and a large proportion 
of hand-loading sinking crews is. of necessity, temporarily redundant. 

4. lo most cases it is considered that mectonical loading will 
increase the speed of sinking and that the cost of sinking is in 
inverse proportion to the speed of advance when interest and 
amortization of capital tied up in development is included. In a 
typical South African mine it is calculated that a reduction of one 
year in the development period, as a result, among other factors, of 
an increased rate of si^ii^, will enhance the present value of 
future distributable profits million. A similar result obtains 
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in the case of the development of a large new colliery and in both 
cases considerable expenditure is justified in the provision of equip¬ 
ment for this purpose. Since the productive capacity of British 
collieries U wasting and needs replacing at the rate of 4 to 5 million 
tons annually in addition to the annual increase in production 
visualized in the National Coal Board's "Plan for Coal" and 
"Investing in Coal," the provision of such equipment, which can 
be transferred to successive new sinkings, is an attractive proposition. 

Three methods of operating the grab have been successfully 
applied. The typo of grab adopted is the cactus type with six or 
ei^t claws or tines lipp^ with tungsten carbide with an approximate 
capacity of one ton of material (Fig. 180 a). The jaws arc operated 
by a double-acting comprcssed-air cylinder and the grab is raised 
or lowered, traver^ across or slewed round the shaft by compressed- 
sur motors, providing access to any part of the shaft. 

When tlw pile gets below 6 in. to 9 in. the grab has difficulty In 
filling. Usually the last 6 in. at least is filled by hand—often taking 
the better part of a shift. This is one reason why the Eimeo 621 
can compete with the grab. Although it has a low loading rate at 
"peak loading" it can clean up completely and avoids the slower 
hand-mucking. At Bevercotes and Cotgrave in Nottinghamshire a 
combination of the two are used; the grab loads the main part of 
the pile and the Eimeo 621 is then slung in to load the last foot or so. 

In the arrangement of equipment shown in Fig. 180 d that at 
Valkfontein No. 2 shaft of New Consolidated Goldfields. Led., of 
South Africa, the grab unit is suspended from a mono* rail carried 
under the bottom deck of the three-dccked sinking scaffold. Seven 
natives only are employed in the bottom to detach and attach 
hoppets, level off and steady them, and one to pump the small 
quantity of water made during sinking. 

The shaft has a finished diameter of 24 ft 1 in. and a depth of 
some 6,900 ft. The lining is of concrete 18 in. in thickness in ll*ft 
lengths, in this case with annular spaces between of 18 in. to take 
buntons which will be filled in when these are installed. The main 
winding engine is Ward Leonard controlled and of 3.700 h.p. with 
double drums 16 ft in diameter and ultimately l^in. diameter non* 
spin ropes. The hoppets carry S tons and the Blaw-Knox concrete 
buckets 3 tons. 

The four-drum sinking scaffold hoist is 22S h.p. and the ropes 
1| in. in diameter, two right-hand and two left-hand lay. A petrol- 
driven 500-V generator is installed to supply power to move the 
scaffold in the case of failure of the main power supply. 

The thiee-decked sinking scaffold weighs 45 tons; the top deck 
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is used tor installing pipes and for delivering concrete to the Octopus 
through the hingi chutes from the Blaw*Knox buckets. The 
middle deck houses the winches for lowering the concrete shutter 
and six 1 SO^watt lights, and is used for stowage of hoses and super* 
vision of concreting operations. The bottom deck carrying the grab 
unit is suspended from the four scnffold ropes and six 75*ft rope 
slings from the lining above and carries four pneumatie jacks to 
steady the scafTold by thrusting against the shaft periphery, there 
being a 9*in. clearance between the scaffold and the shaft walls 
bridged by rubber flaps. It also carries the cable reels for shot*bring, 
lighting, signalling and telephoning and three 500*watt floodlights. 

The stage is raised during blasting operations and after these are 
completed and the fumes have been cleared by the S0*h.p. fan and 
the 40*in. diameter steel ventilation pipe*line in about 15 minutes, 
the stage is examined for damage and then lowered until the six 
sling ropes are taut. The lower hanging curb Is then positioned as 
required at a distance between 3S and 48 ft of the shaft bottom. It 
is supported by twelve chains, six 25 A long and six 3? A 6 In. long, 
fltted with turnbuckles for centering and levelling accurately which 
is checked by means of four 200*A steel tapes and four plumb lines 
at the shaA sides. The scribing boards are then cut by a power saw 
and inserted. The 11*A high moving concreting shutter is then 
lowered by the hand winches on the middle deck, the {*in. diameter 
ropes being threaded through pulleys carried by the wire slings 
steadying the sea^old. The shutter tapers from 24 A 0 in. at the top 
to 24 A 2 in. at the bottom to ease lowering and is collapsed by 
removing two locking pieces in the periphery. When lowered into 
position the locking pieces are replaced and the shutter expanded 
back to its full diameter. 

Nine men are employed on the scaffold in this operation during 
which loading is proceeding 30 or so feet below, bothhoppets being 
engaged on raising sinking debris. At the end of the drilling period 
while the holes are being charged a further eight men from the 
drilling crew of 41 assist on the scaffold. Concrete is distributed 
from the octopus to six 8*in. diameter hoses during the end of the 
loading and the drilling period, long*handled shovels and two 
pneumatic vibrators being used to compact the concrete. The hoses 
are manipulated with the aid of the six winches used to lower the 
shutter into position. After loading out of debris from the bottom 
of the shaA has been completed both winding ropes are used for the 
BlaW'Knox concrete buckets and the concrete shutter is filled in a 
period of three hours. 

Ten men do the charging in the shaA bottom, 140 shots 
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aggre$atin| 300 Co 350 Ib of gelignice. water stemmed, being tired, 
wax primers being used with hatf-second delay detonators, the 
primers being already wired up on the surface in two batches in 
the form of a “harness" so that only two outer leads require to be 
joined and then coupled to the shot-firing cable. 

Irmnediately before dring the scaffold is raised 150 ft up the shaft 
with fourteen men who lUt side and pipe daps and fend dte scaffold 
off the sides and pipes. The bring circuit is tested from the scaffold 
and the men then ascend to the surface in the hoppets. Firing is 
from a special mains switch cabin on the surface which is kept 
locked with the key in the possession of the white sliift boss until 
all men are checked out of the sha(\. 

The second type of grab equipment, which 1$ preferred in British 
practice, is mounted in a frame attached to the concreted shaft wall 
above the bottom of the shaft but connected with a separate single 
rope capstan at the surface so that it may be raised in the shaft 
independently of the scaffold (Fig. ISOc). The Jib and the grab are 
controlled by separate hoists by the operator in his cabin. The jaws 
of the grab are tripped by a man in the shaft bottom. This type of 
equipment haa been used at the Cynheidre and Abernant sinkings 
in the anthracite coalfield of South Wales. 

One of the drawbacks of the mono-rail method of mounting the 
grab beneath (he sinking scaffold is that free movement of the 
hoppets up and down the shaft may at times be obstructed and at 
best two hoppets only can be used. A new type of grab control 
equipment lias been installed by the Anglo-American Corporation 
at two Orange Free State sinkings which is more hexible and allows 
four hoppets to be used (Pig. 18Dd). 

The Blair grab is suspended from a jib pivoted at the centre of 
the underside of the scaffold which can be luffed round through a 
Aill circle and enables the grab to pick up from any point in the 
shaft-bottom. The jib is lowered when the grab is operating in the 
centre of the shaft and raised when working near the periphery. 
The grab is arranged “to fail to safety" since it is driven by a double¬ 
drum winch which is running continuously when loading is in pro¬ 
gress. Dead weights hold the clutches off and the brakes on, so that 
to operate the grab the driver must engage the clutch and release 
the brake. If he releases the controls the grab stops auiomaticaJly. 
The grab is controlled electrically, all the driving mechanism and 
electrical equipment is housed on the bottom deck of the scaffold 
and protected by it when the scaffold is raised when blasting. The 
jib and grab, not protected by the bottom deck, are of heavy 
construction to resist damage. 
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Experience has proved that shots fired by short delay detonators 
give a flat plateau-shaped heap of debris which is more easily 
handled by mechanical grabs than a cone-shaped heap. Good 
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fragmentation is also necessary and pieces should be below 12*in. 
cuIm if possible. 

The number of miss-fires in South African sinkings has caused 
some concern and experiments are being conducted in the use of 
instantaneous ‘^Cordtex'* fuse for interconnecting shots. 
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FouT'drum 40-ton scaffold winches are standard equipment at all 
N.C.B. sinkinp where double-hoppet or dual single-hoppet winders 
are in use. Where four separate drums and ropes are used to raise, 
support and lower a sinking scaffold it is difficult to keep the tension 
in the ropes equal even with separate clutches to each drum. Scaffold 
ropes have, therefore, been us^ in double purchase, attached to the 
headgear taken round a pulley mounted on the sca^old and then 
up the shaft, over a headgear pulley to one of two drums. This 
allows two hoppets to be operating in the shaft at one time and the 
scaffold capstan can run at double the speed when four individual 
ropes and drums are used. 

At Vual Reef^ sinking where a grab unit was used for loading 
debris, two ropes were used in triple purchase each being anchored 
to the scaffold, taken over a pulley in the lieadgear, then down the 
shaft round a pulley mounted on the scaffold and back up the shaft 
over the headgear pulley to one of the double drums. 

In order to support heavier scaffolds and allow more hoppeis to 
be used simultaneously in the shaft the Anglo*American Corpor¬ 
ation propose to use two ropes in quadruple purchase giving eight 
ropes which can be used as guides for four hoppeis in the shaft and 
reducing the size of rope required. The rope is attached to the 
headgear, passes down the shall round a pulley on the scaffold, up 
ihe shaft round a pulley in the headgear, down the shaft, round a 
second pulley on the scaffold, up the shad and over a headgear 
pulley to a surge or friction wheel. 

This Blair system also substitutes a surge wheel similar to that 
used on an endless rope haulage as a friction winder in place of the 
conventional drum. The rope makes 3} coils round the surge wheel 
and then passes over a pulley to a sliding pulley acting as a gravity 
tension and then over another pulley to a rope storage drum. The 
tension in the rope is at this stage reduced to a low ngure and this 
storage drum may be of relatively small diameter without damage 
to the rope. When the friction winder is operated to raise the scaffold, 
the tension weight on the tension pulley descends and closes an 
electrical circuit and starts up the rope storage drum which runs 
faster than the friction winder and winds in the surplus rope, at the 
same time raising the tensioo weight which then completes a second 
circuit which stops the storage drum. 

When the scaffold is being lowered the storage drum pays out 
rope, the tension weight acting in the reverse manner. 

The present rates in sinkings in this country reach 50-60 yards of 
finished work per month over relatively short periods of sinking. 
These rates are at present achieved with “non-eimultaneous” 
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working, i.e. sinking a length of up to 80 ft then stopping sinking to 
wall up that length. The simultaneous process overlapping the 
waJUng and sinking operations (either fully or partially) is now being 
applied to a number of shafts in this country. The application of 
the “simuluneous" method to conditions in this county requires 
that a number of problems arising from strata conditions and 
regulations should be overcome. It appears that such problems can 
be overcome at least to the extent where an average of 60-70 yards 
per month should be maintained over the total d^th of the shaft. 


QUESTIONS 

1. Dbcuss the various conudemiions to be taken into account in deciding 
upon the site end form of mine shafts, 

2. DMcribe the chief Items of equipment in sinking a colliery shaft of 20 ft 
Anished diameter (o o depth of 600 yd. The make of water is normal and there 
are no unusual features. 

2 . Dttcribe apparatus fer determining accurately the centre of a shaft and 
indicate how this equipment Is used. 

A. Make e drawing of a bricking scaffold for a sinking pit. designed so that the 
scaffold ropes act as guldm for ine hoppel. Show hew the scaibid is held in 
position irt the shaft when the hopper has lo pass through it during sinking 
operations. 

2. Describe a method of temporarily lining a sinkirtg shaft. 22 n m diameter, 
through moderately strong ground. 

6. Docribe the different forms of permanent linings which can be used In a 
circulor shaft sunk through ordinary coal msosures, 

7, Describe with skei^tee how concrete may be used to form the permanent 
lining of a vertical shaft. Jndktte any precautions to be taken when Inserting tite 
lining In monolithk form. 

I, D«eribe with the aid of sketches, the arrangements whkh can be empl^ed 
10 deal with water at a sinking pit In clrcumiiancee where a special method of 
sinking bos not b«n adopted. 

$. DeKribe the apparatus which may be used in sinking shafts using mechanical 
aids for loading out the broken material. 
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DIFFICULT SINKINGS 

As sinkings proceed eway from tho outcrop of seams the ground 
encountered in sinkings has a tendency to become Co) unstable, 
(A) excessively water*bearing or (c) a combination of the two as in 
Holland and the Ruhr. The original methods of overcoming these 
difhculiies in shallow shafts were by (o) pumping, (b) piling and (c) 
drop'Shaft or caisson methods. While these are still employed, for 
deeper sinkings they were superseded successively by the Kind* 
Chaudron and Honigmann boring methods, freezing and oementa* 
lion. 

Piling 

Both wooden and steel piles may be used, the latter usually of the 
interlocking type. Where wooden piles are used the sinking is 
generally done In 1S ft maximum lifts with a constantly decreasing 
diameter to allow for the thickness of the piles, which are generally 
6 in. X 3 in. in cross-section. At times in order to avoid loss of 
diameter a forepoll ng system is adopted in which the piles are driven 
at an angle. Details of shaft sinking by the piling s)^tem are given 
in Trans. Jnsi. Ch. £ng., “Shaft Sinking of the Horden Colliery, SE. 
Durham," 1907-8, Pt. III. 

Where steel piling is used much longer lifts are taken reaching 
80-90 ft. The type of steel pile used at Hatfield Main Colliery , South 
Yorkshire, to sink through 62 ft of sands and clays is shown in Figs. 
181 and 182. It consists of Universal Joist Steel Piling 15 in. x 6\ in. 
weighing 39^ lb per super^cial foot. The piles were driven ^ a 
30 cwt pile driver which ran on circular rails round the piles. These 
were driven clockwise then anticlockwise to prevent the piles leaning 
from the vertical. The distance driven for each round of the pile 
driver varied from 5 ft at the top to 2 ft for the last stage in hard 
ground. 

Drop Shaft and CaJssou Methods 

These methods consist in the use of a cutting shoe on the bottom of 
a shaft lining which is being continually augmented as the shoe 
descends, the material inside the lining being excavated. The methods 
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are applied in loose, unstable strata at no great depth, to about 
200 ft, and three subdivisions are to be distinguished— 

1. Drop shafts in which the shaft lining sinks by its own weight 
supplemented if required by loading at the top. 

2. Drop Shaft and Pressure ring. The weight of the lining is 
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supplemented by the use of hydraulic jacks between the top of the 
lining and the pressure or anchor ring. 

3. Caisson Sinking. Water and running Strata are kept at bay 
by pneumatic pressure and men, materials and debris must pass 
through air lodes. 

The two main difficulties eKperieoced with these methods of sink> 
ing are maintaioing verticality and overcoming the skin friction to 
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enabU the sinking to prooocd. DidKuUios are increased when the 
strata penetrated changes in a short distance. 

The first method is only applicable when the skin friction is low. 
If some lough beds are likely to be encountered hydraulic jacks and a 
pressure ring will be required. Where the ground is fluid, such as 
water-logged quicksand or mud, artifkial pressure in the form of 
compressed air is required to prevent the fluid material flowing into 
the shaft so that in these cases Caisson sinking is necessary. To 
reduce skin friction, lubrication by compressed air, steam or water 
through holes in the lining, may be required, the last generally being 
preferred. The amount of skin friction is reduced with the diameter 
of the shaft but tlic shaft must gene nil ly be sunk oversize to allow for 
possible deviation from the vertical. 

1, Drop Shafts 

In drop shafts the lining is often of reinforced concrete, eight 
segments to the circle. It is built up behind shuttering of steel plate 
i in. in thickness connected by in. angles, each ring being 3 ft in 
height. )n the case of Chislet Colliery, Kent, the lining was Uin, 
in thickness and reinforced and was lowered under control of eight 
wire ropes attached to temper screws on the surface, The sand was 
removed by n 5*ton loco-crane and n grab. 

2. Drop Shaft ahp Prsssurb Ring 

In the application of this method, which has the advantage of 
reducing the liability of subsidence of the surface, where a strong 
stratum occurs at the surface and is succeeded by unstable ground 
below, the strong strata is excavated by ordinary sinking methods and 
a brickwork or a concrete lining is inserted which at the base carries 
a cast iron anchor ring which is connected to two concentric rings 
of long rods, 4 in. square and 1^2 in. diatn respectively, the inner 
or guide ring passing down the face of the brickwork and the outer 
ring through the brickwork (Fig. 183). The two rings of bolts are 
connected at the surface to a strong pressure ring designed for the 
loading required which may amount to 2,000 tons to force down tub¬ 
bing fitted with a cutting shoe about }in. wider than the overall 
diameter of the tubbing to give clearance. The pressure on the tub¬ 
bing is exerted by some twelve hydraulic jaol«, supplied front a 
hydraulic accumulator, operating between the top of the tubbing 
and the pressure ring, special rings of low height being inserted at 
the top of the tubbing to accomm^ate this to the stroke of the jacks, 
The first few feet of the descent of the tubbing generally takes place 
under its own weight until skin friction becomes too great when the 
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jacks are brought into play, successive rings of tubbing being added 
as it descends. 

Where it is not possible to insert brickwork or concrete near the 
surface to take the reaction of the hydraulic jacks, the anchor ring, r^ 
and bolls, a and may be carried down by a brickwork cylinder 
fitted with a cutting shoe which descends by its own weight os far as 
possible (Pig. 1S4). The reaction of the h^^raulic jacks is taken by 
the weight and the skin friciion of this cylinder. German tubbing, /, 
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fitted with a cutting shoe is placed within the brickwork cylinder and 
the pressure ring, a, design^ to withstand a pressure of 2,00(3-3,000 
tons, is attached to the rings of bolts, s and z, and the hydraulic 
jacks, p, are then placed between the pressure ring and the top of 
the tubing. 

Id these drop shaft methods water is often allowed to fill the shaft 
in order to prevent subsidence being caused by water pumped from 
the shaft conveying with it fine material, and debris is excavated by 
the use of cJara«shell and orange-peel grabs, depending upon the 
particle size of the material whicl^ in running sand, is often extremely 
small. When stable strata is reached the drop shaft is sealed into it 
with cement (Fig. 185), 

3. Caisson Sinking 

In this system, which is ptardcularly applicable to sinking in 
wet running sand containing boulders which renders it necessary 
to have men working at the bottom of the shaft, an airtight deck, a 
(Fig. 186), is ronned 7 ft to 8 ft above the cutting shoe of a drop shah, 
m. The deck is generally of reinforced concrete and roust be strong 
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enough to withstand the maximum dr pressure required to keep 
back the water and njnning sand at the sha^-bottom provided this 
does not exceed SO Ib/in.*, corresponding to 
a head of 115 n of water, which is about 
the limiting pressure in which men can work. 

The airtight deck is connected to the surface 
by a steel tube, r, from 3 ft to 5 ft in dia¬ 
meter in lengths of 10 ft to 15 ft bolted to¬ 
gether, with rubber joint rings- The walls 
of the tube are jf in. or more in thickness and 
the tube is provided with ladder rungs. 

The tube is connected at the surface to an 
airlock with two doors to prevent the escape 
of compressed air. When men or the sink¬ 
ing hoppet are required to enter the working 
chaml^r the outer door is opened with the 
inner door closed. The men or the hoppet 
enter the airlock and the outer door isclos^. 

Compressed air is then admitted until the 
pressure in the lock is equal to that in the 
working chamber. The inner door is then 
opened and the men travel down the ladder 
or the hoppet is lowered into the working 
chamber. When men leave the chamber or 
the full hoppet is to be raised the operations 
are revered. To combat the extra buoyancy, 
due to the uplift of the compressed air, the 
drop shaft must either be heavier or extra 
weight in the form of steel rails must be 
added to it. 

There are several forms of airlock. In the 
Mattsen lock the upper door is of the re¬ 
volving type and the rope passes through a 
stuffing box in the Cop of the airlock casing. 

The hoppet is detached from the rope and 
removed from the lock, an empty hoppet ^ 

then being attached to the hoisting rope. In wtlVoaouNo Vro PiuB- 
the Moran lock the upper door is in two lum anchox Rmo, 
halves which close round the rope or a single tB wmtI***' 

door is used with a stuffing box for the rope. 

This lock enables the hoppet to be lifted out of the lock ^ the rope. 
A type of lock which has been used on the Continent is shown ia 
Fig. 186 in which the hoist, h, is enclosed in the lock, K. which has 
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iwo sets of debris locks, Si and s^. filled with pairs of doors, and 

and (ii and which are filled alternately and deliver to a deck. 
b. from which the debris is hoisted by an external derrick. A separate 
airlock for men and materials, V, is fitted with two side doors, 
and If. 

The compressed air is supplied from a low-pressure compressor 
through a duplicate 4 in. main. The higher the air pressure required 
the shorter the period men can work in the chamber amounting by 
law in the U.S.A. to two shifts of only half an hour in twenty hours, 
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with at least six hours between shifts, when the air pressure is 48 to 
50 Ib/ln.^ which makes the cost of caisson sinking very high. Care 
must be taken that men enter a decompression chamber in which 
the pressure is gradually reduced to atmospheric pressure. Owing to 
saturation of the blood with nitrogen at the high pressure, bubbles 
of nitrogen separate out from the blood and block the arteries 
and veins if the pressure is reduced toe quickly. This gives rise to 
caisson sickness which is characterized by dizziness and minting and 
by pains in the joints, where the bubbles tend to collect and coalesce, 
and in the stomach giving rise to a characteristic bending posture 
which has given the illness the slang name of the "bends.'' Caisson 
workers carry an indication of their calling; if they are affected 
away from their place of work should be taken there and gradually 
subjected to greater pressure which should then very gradually be 
reduced. 
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Caisson work is extensively used for foundation work in civil 
engineering projects and its application to shaft sinking is a relatively 
minor one. Hdium and oxygen mixtures, in place of air, is used in 
caisson work and in diving. Helium is leas 
soluble in blood and diffuses more easily than 
nitrogen so that greater pressures and shorter 
decompression periods are permissible when 
such mixtures are used. 

Two colliery shafts 20 ft and 16 ft in dia* 
meter were sunk by the caisson method 
th re ugh 1 40 ft of sa nds and gravel, 111 ft of 
which was water'bearing, at Terre Haute, 

!nd., U.S.A. by the Dravo Contracting Co. 
in 1923. The caissons and decks were of re¬ 
inforced concrete, the walls being 4 ft in 
thickness. The air pressure attained 51 Ib/in.* 
and great difficulty was experienced in land* 
ing the caissons plumb. The new shaft at 

Colliery in Norih Wides wi, p,, 
in 1952 sunk by the caisson method. (Hun Hrrnd 



METHODS OF BORING OUT SHAFTS 

Small-diameter shafts and staple shafts up to 6 ft in diameter are, 
as has already been noted, bored out by the calyx system in Germany 
and in the O.S.A. but the practice of boring out shifts is of long 
standing, dating back to 1876 in this country. It was used where the 
ground, though heavily water-bearing, was sufficiently strong to 
stand, generally filled with water, long enough for the shaft to 
penetrate the water-bearing strata when the permanent lining, 
generally German tubbing, was inserted. 

These methods, owing to the size and weight of the tools required, 
were limited in the diameter of shaft which could be bored and have 
been superseded by freezing and cementation methods. However, it 
is by no means certain that they may not at any time be revived in 
view of the recent steep rise in the cost of manual labour, and in fact, 
one of these systems, improved in detail, the Honigmann, was 
adopted to sink the new Emma No. 4 shaft for the Dutch State Mines 
in 1949, so that a short description of these methods is not out of 
place. 


Kind-Cbaudren 

The oldest system is the Kind-Chaudron which has been used to 
sink successfully some eighty shafts. Operations commence with the 
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erection of a baraque or speciaJ type of derrick (Fig. 187), to house 
(he boriog tools or trepaos, Oi and a^y the pitch>pme rods, g, fishing 
tools, h and f, the sludger, I, the walking beam, s , and the cylinder, e . 

A small-diometer shaft is first bored 4 ft to 10 ft in diameter using 
(ho small trepan, a^, weighing 10 tons, equipped with cbilled>$te«l 
cutters arranged to cut the shaft bottom in the form of a cx>ne, from 
the base of which the cuttings are lifted by the sludger. A The rods 
are reciprocated by the walking beam, s, and turned by the crosshead, 
dy the trepan being connected to the rods through the Kind's type 
free-fall apparatus shown. The water-bearing strata may be pene¬ 
trated before enlargement begins or enlargement may follow the 
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boring of the small diameter shaft by 30 ft or so. The enlargement is 
carried out by means of the large trepan weighing 2 S tons, which 
is fitted with guides, m, projecting into the smali-diametar shaft to 
maintain vertieality. The cuttings fall into a hopMt in the small shaft. 
When the shaft has been bored out to the lull diameter to the 
impervious strata, tubbing is lowered with a moss-box beneath (Fig. 
188 ), fitted with a false-bottom, n, provided with an equilibrium tube, 
q, to enable (he tubbing to be lowered gradually into place by 
manipulation of a valve which regulates the passage of water above 
the false-bottom. The moss-box is relied upon to form a water¬ 
tight seal at the bottom of the water-bearing strata. It consists of two 
telescopic sections of tubbing with the moss, confined by a hemp 
mesh, between them which is compressed when the weight of the 
tubbing above comes upon it. Concrete is then placed by drop- 
bottom comainers between the tubbing and (he side of the shaft. 
The water is then pumped out of the shaft. The false-bottom and the 
cutting shoe is removed, or a special curb placed beneath it. Sinking 
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then continues in the normal manner. Sometimes the moss-box is 
omitted, the seal being completed by using concrete, the tubbing 
landing upon a prepared bed. TTte Marsden and the Dover collieries 
were sunk by this method and sinking to a depth of 450 yd has 
been accompUshed on the Continent. 

Hie Honigmano System 

This system is illuslralcd in Figs. 189, 190 and 191. It consists of 
a rotary borer, s. driven by a hollow stem, h. and lowered by the 
hoisting rope attached to the D Hnk. Compressed-air lift or Mam¬ 
moth pump, supplied by pipe, r. removes the cuttings from the shaft 
which ore delivered to a sciiling pond, the elaycy water being returned 
to the shaft at o. 

The system is used in water-bcarin| weak strata, a mud-flush 
system being adopted to support the unlined sides of the shaft during 
sinking. By inserting tubbing above the water level an artificial head 
is created in the shaft and this is increased by adding clay which 
increases the specific gravity of the liquid in the shaft to as much as 
1 2 and also coats and supports the sides of the shaft. When sinking 
through Olay about 15 per cent of clay is added to the water, in sand 
20 per cent and in gravel 35 per cent. The boring tool is rotated 
through a train of gears,/,and connection to (he settling pond is 
through the swivel joint, /, and the flexibla hose, n, to the launder, m. 

When the impervious strata is reached the boring tool is with¬ 
drawn and the shaft is enlarged by heavier tools (Figs. 190 and 191), 
the cuttings falling into the smaller shaft and being removed by the 
air lift up the hollow shaft, h. 

The number of times the shaft is reamed out depends upon the 
ultimate diameter of the shaft required and the hardness of the 
strata penetrated. 

In sinking the Emma Ko. 4 shaft, a foreshaft was first excavated 
to the ground water level and a pilot hole 27} in. diem was bored 
and Che shaft was reamed out in three consecutive operations until 
the final diameter of 19*2 ft was obtained, using the hole previously 
drilled to guide the reamer. In softer ground drag bits were used 
(Fig. 190), in the harder rollers were used fitted with steel picks (Fig. 
191), each roller carrying 1,000 picks of high-tensile steel, tungsten 
carbide tipping not proving successful. The speed of the largest 
borer was 1*8 rev/min and over 60 ft*/inin of material was removed. 

The mud flush circulated amounted to 180 ft^/min and bits were 
replaced after a period averaging sixty hours. When the water¬ 
bearing strata has been penetrated German tubbing is lowered and 
sealed in a similar manner to the Kind-Chaudron method. 
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At Emma Colliery when the impervious strata was reached at a 
depth of 246 yd the shaft was lined with two concentric rings of 
Gusto welded steel rubbing 17*4 and 14 75 ft in diameter respectively 
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with concrete between the shells and between the outer shell and the 
shaft wall. The rubbing was fabricated from steel sheets A in. in 
thickness at the top and 0 in. at the bottom of the water-bearing 
strata, 6 ft 6 in. wide and of length equal to half the circumference of 
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the inner or the outer shell. These were cut accurately to si2e> the 
edges bevelled and the plates bent to the correct curvature by roUs. 
They were then welded together to form rings 13 ft 2 in. in height, 
steel strips being welded to the plates to increase the bond between 
the plates and the concrete, A concrete plug was formed in the first 
section of the lining and accurately positioned by roller guides and 
hydraulic jacks and lowered into the shaft. Successive lengths of 
Cubbing were then welded to it with concrete wedges between the 
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shells and this inner annulus was then filled with concrete. When a 
depth was reached at which the lining floated on the mud suspension, 
water ballast was pumped into the inner cylinder, the mud suspension 
being kept in circulation by four air lifU placed between the outer 
shell and the shaft wall. The lining was landed into a plug of cement 
grout injected through the mud circulation pipes which were then 
used to grout between the shaft wall and the lining. 

In addition to the Emma shaft, the Hendrick Ko. 3 shaft, 17 ft 
finished diameter, was sunk by this method through 220 of gravel, 
sand, quicksands and clay and at Arsbeck a shaft 19 ft S in. was sunk 
to a depth of 458 yd through similar strata. 
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The cost of sioking in 1932 varied from £100 per yd ac lOD yd to 
£500 at 500 yd, the rate of sinking being 18 and 9 yd per month 
respectively. 

The Pattberg system is similar but employs a sack debris removal 
system and does not incorporate the mud flush system for the support 
of the unlined shaft. It is generally empbyed in conjunction with a 
drop shaft system, as many as four iioiogs, one within the other, 
being requir^ in waier*bearing strata 500 ft in thickness. 




FlQ. 191. HOWIOMANN BOMNO TOCL UStNC ROUSM WITH StUL PieKS 

rOK Hasdsk strata (Knor) 


TubUog 

Although coffering, in the form of from four to eight concentric 
layers of brickwork set in cement mortar with the joint between 
individual layers broken, and with a layer of concrete between pairs 
of layers, may be used at shallow depth to bold back water at a low 
head, a consideTably greater shaft excavaiion U required to aceom* 
modate the thick brickwork lining. 

Coffering with a bitumen seal was used at Willem Sophia No. 3 
shaft in Holland, 14 ft 9 in. in diameter, which was sunk by the 
freezing process. The shaft was lined through the frozen ground in 
two $ta^. The first consisted of one foot of brickwork which 
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formed the shuttering fora further foot of concrete to the shaft wall 
(Fig. 192), the concrete being put in as dry as possible and vibrated 
to avoid cavities. When this first lining was completed the final 
lining of three courses, headers of brickwork, 2ft in thickness, was 
inserted with i in. thick layer of bitumen between the linings to form 
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a watertight sea). To thaw out the brickwork before the application 
of the bitumen 100 infra-red radiation lamps aggregating 25 kW were 
installed on the bricking scaffold. Ease of repair was the reason for 
using brickwork for the outer lining. 

For greater depths cast Iron tubbing has been used since 1796 to 
hold back water when it was first used by John Buddie. It is, how. 
ever, an increasingly expensive method of lining and is being 
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Pic. 199. Tubpiwo 

replaced by concrete and reinforced concrete even in shafts sunk by 
the freezing system, although trouble due to freezing, affecting the 
setting of the concrete, may be experienced. Tubbing is, however 
still commonly employed in the freezing and boiing systems of 
sinking. '' 

There are two main types of tubbing, the English with flanges 
Mternal to the shaft (Fig. 193), which are in tension and therefore 
less strong than German tubbing with flanges internal to the shaft 
which are in compression and therefore stronger (Fig. 194) so that 
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Gcrmao tubbing is lighter than English for the same head. A further 
difference lies in the fact that English tubbiog is cast and depends for 
its watertightness on pine sheeting between the vertical and the 



horizontal joints into wlUch wooden wedges are driven until no more 
can be inserted. German tubbing on the other hand is machined and 
has lead sheeting in the joints (Fig. ]95)> and the segments are bolted 
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together by accurately fittiog bolts (Fig. 171). English tubbiog is 
more fieaible by virtue of (he wood sheeting in the joints and there^ 
fore less likely to suAer damage if the shaft is subjected to stress due 
to subsidence. It offers less resistance to the ventilation as the lining 
is smooth and accommodates itself better to seasonal temperature 
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fluctuaiions- On the other hand German tubbing, which can be 
underhung, built up, caulked on the surface and then lowered into 
the shatt, is quicker to erect and can be designed for higher heads. 

English Tu&bino 

This J8 cast to suit the radius of the shaft in segments, generally 
eight to twelve to the complete ring. Each segment, 2 ft 6 in. to 
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3 ft deep and 4 ft to 3 ft in length, is smooth on the inside but has 
strong external flanges./(Fig. 193), lipped to fit adjacent segments 
and strengthened by ribs, r and rj, and angles, a, with a hole in the 
centre for handling and to let air and water out from behind the 
tubbing, being closed finally by a wooden or an iron plug. The 
bottom ring of tubbing resting on the curb, and known as the 
foundation rbg. is often provid!^ with a wider bottom flange. 

When erecting tubbing a wedging curb bed is prepared in as strong 
and impervious strata as is arable. This is carefully levelled by 
picks and wedges and without the use of explosives which would 
cause shattering and then covered with pine sheeting ^ in. to {in. in 
thickness and tarred flannel. The curb consisting of a hoUow ring 
(Fig. 19d). in section and segments with a lip, a, to hold the bottom 
ring of tubbing in place is next placed on the bed. Pine sheeting is 
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placed between the curb segments and Che centie-line and radius rod 
are used to position the curb accurately, a straight edge and level 
being used to set it accurately horizontal. Each curb segment is then 
spragged to the side of the shaft and wedging up commenced. 
Glutting blocks of dry pine 6 in. by 6 in. by 2 } in. are driven down 
between the curb and the rock all round. Pine followed by oak 
wedges are then driven in until no more can be inserted when a steel 
chisel is used to make room for further wedges. The setting of the 
curb is then rechecked for alignment and level, The bottom or 
foundation ring of tubbing is then erected on the curb with |in. 
thiek pine sheeting between the horizontal and fin. sheeting 
between vertkal joints, wedges driven behind the segments and the 
sides to position them and the ring is then checked: if correct the 
space behind is packed with concrete. The operation is continued, 
the joint between adjacent segments being broken by half or quarter 
of the width of a segment. An escape path Is left behind the tubbing 
and through any Intermediate curb ring, via a relief valve, and at the 
top to allow air or gas to escape which otherwise when compressed 
might force out a segment of tubbing. Wedging of the pine sheeting 
now proceeds from the top to the bottom of the tubbing and then, in 
the reverse direction, using steel chisels to split the sheeting to allow 
further wedges to be driven in until (he chisel can no longer be 
inserted. 

GbKMAN TUDBfNO 

The segments of German tubbing are generally deeper than 
English tubbing, 2 ft 5^ in. to 4 ft 11 in. ({ to 1^ metres), and 4 ft 
11 in, to d ft df In. to 2 m) in width, The flanges, / (Fig. 194), 
are bored and machined after casting and are strengthened by angles, 
a, and ribs, Fx, reinforce the segments, the external drcur^er- 
ence being smooth or corrugated to get a hrmer grip on the concrete 
backing. 

When installing lubbiog a curb is used in segments which are 
bolted together with strips of sheet lead from ^ in. to ^ in. thick 
between segments, Concrete or brickwork is used at times to form 
a satisfactory curb bed and in weak ground (he curb is erected on two 
rings of tubbing Ui and (Pig. 197), on wooden blocks and the curb 
embedded in concrete, £. The next three rings are also backed by 
thick concrete, C. The curb may afterwards be filled solid with 
cement slurry. The tubbing is then erected on the curb with strips 
of lead sheeting between the horizontal and the vertical joints which 
project i in. for caulking by a chisel or compressed air caulking 
toot C (Pig. 195). Glutting blocks, pi (Fig, 198), are again placed 
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bctwetc the curb, k, and the shaft side, wedges being driven into the 
blocks- The bolts for connecting the tubbing segments are turned to 
^ve ^ in. clearance and are provided with conical cast steel washers, 
s (Fig. 195), over lead washers, which when tightened up force the 
lead into the hole clearance. The tubbing is grouted behind with 
provision for water and air release. When closing the tubbing 
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against a wedging curb above, a shaft 8tufflng*box may be used 
consisting of two short telescopic rings, the outer ring b^g bolted 
to the wedging curb above and the inner forming the top ring of the 
length of tubbing below. Alternatively the top matching ring of 
tubbing may be wedged in position by the use of wooden wedges. 
This gives the tubbing flexibility to accommodate itself to shaft 
movement. 

Underhung German TtJBBtNO 

Underhung or suspended tubbing has the advantage of dispensing 
with the temporaiy shaft liniog as the tubbing is installed inunedi- 
ately the necessary ground has been removed for a ring of tubbing 
to Ik put in (Fig. 199). The anchor ring or curb, A;, is put in in strong 
ground in the usual maoner with glutting blocks,^, and well backed 
with rammed concrete. The segments of tabbing are lowered by 
chains from the hoisting rope which are replaced by hooks in the 
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shaft bottom. These lift the s^meot approximately into position, 
the lead sheedog is inserted and then two long bolts are used to draw 
the segment into position. These are later replaced by standard bolts. 
When two or three rings have been put in they are grouted behind 
through the holes, e, in the segments which point downwards, the 
funnel} r, being used and the bottom hole plugged. The grout is 
retained in position while setting by sheet iron seg* 
ments, a, fitting olosely to the side of the shaf^ whi^ 
are bolted to the bottom flange of the tubbing. The 
grout, which is a mixture of one part cement to be^ 
tween two and four of sharp sand, sets in about two 
days after which the segments are removed. 

THiCKNess Of Tubbing 

The maximum thickness of tubbing that has been 
used is 7^ in. This was used at Llmbourg Meuse and 
at other Campine and Ruhr sinkinp. At deep sinkinp 
double tubbing, though more expensive both in first 
cost and in cost of installation, has been adopted 
consisting of two rings of tubbing with concrete or 
reinforced concrete between, particularly where the 
freezing system has been adopted as at Beeringen. 

Corrugated tubbing has also been adopted to give 
greater flexibility to (he lining to resist damage by 
subsidence. 

There are a number of formulae used for calculating 
the thickness of tubbing required. They give slightly 
differing results and the thinness is often estimated 
empirically from the successful lining of previous fio, 199 , 
shafts in similar conditions. The following are the Unosikuko 
formulae which have commonly been adopted. They Tott m o 
are all based on the compressive strength of a thin <kiui hbumt) 
cylinder with aUowaoces for flaws, corrosion and 
deterioradoo and adopt a factor of safely between 5 and 10,7 being 
often adopted. 

(j) Greenwell Formula 

where 7 is the required thickness of tubbing in/eer, 

H is the vertical depth in feet, 

D is the diameter of the shaft in feet, 

0 03 is an allowance for possible flaws or corrosion. 
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(b) O'Donaghue Formula 




where t is the required thickness of rubbing in inchs, 
h IS the pressure of water in lb/in.‘i 
d\i the diameter of the shaft in inche$« 

Cis the crushing strength of cast iron in Ib/in.^ which may be 
taken as 95,000, 

Fis the factor of safety adopted between 5 and 10, 

A is the allowance for possible flaws and corrosion and may 
vary from \ in. to 1 in., averaging | in. 

(c) Fiemer Formula 

130 

1,600 


where r is the thickness of tubbing required in f/tfhes, 
D is the internal diameter or the shaft in feet, 
ff \% the head of water in feet 


(d) DenoSi Formula 

where t is the thickness of tubbing required in cenUmoirex. 

and R external and internal diameters of lining in centU 
metres, 

ris the safe stress of 1,000 kgm/cm*, in cast iron, 

F is the water pressure in kgm/em‘. 

This may be simplified to the approximate formula— 

2PR 

2r-3> 

The Freezing System 

The freezing system of sinking has been used exteasively on the 
CoDtineot to penetrate water>bwing strata consisting of alluvium 
and running sand down to a depth of 2,000 ft, with a water pressure 
in running sand of 800 Ib/in.* It has also be^ used successfully at 
Londonderry Colliery near Seaham Harbour on the NE. Coast, in 
1924-23 to sink the Vane and the Tempest shafts, 21 ft in diameter, 
through 4S7 ft of magnesian limestone with open gullets oommuni- 
cetlng with the sea and with running sand below, and at the No. 2 
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shaft 22 ft 2 in. in diameter at Calverton» near KoUinghani, ia 
1948-49 to sink through 390 ft of heavily fissured and water^hearing 
Bunter sandstones, No. 1 shaft having been sunk by cemeotatfon. 
This sealed off the water from the fissures but the water coataloed 
tn the porous strata had to be dealt with by pumping during sinking 
and exceeded 1,000 gal/min at times, giving a wet sinking. 

In the conditions encountered on the NE. Coast, similar to those at 
Londonderry, various methods have been used at previous sinkings— 
ordinary sinking with pumps dealing with, exceptionally, over 
10,000 gal/min, the Kind-Chaudron System and early applications of 
the freezing system. 

The freezing method consists of forming in the water-bearing 
strata a solid block of frozen ground, estimated at Londonderry to 
extend 12 to 15 ft outside the excavated area of the shafts and 70 ft 
in diameter at Calverton, sufficiently strong to hold back the water 
at the depth required while the shaft is sunk in the frozen strata with 
consequently no water difficulties. The operation at Londonderry 
was complicated by the rise and fall in the shaft of the water, which 
was brackish, of 3 to 4 ft with the tide with a lag of four hours. 

BoaiNO 

The frozen cylinder is produced by boring a ring of holes on a 
circle of radius greater than that of the shaft to be excavated, 32 holes 
on a circle of 30 ft diam at Londonderry where the diameter of the 
excavated area was 27 ft, and 25 holes on a circle of 33 ft diam at 
4 ft intervals at Calverton, In both cases the boreholes were con* 
tinued into the impervious strata below the water-bearing strata, at 
^ndonderry 48 ft into the Coal Measures and at Calverton 22 ft 
into Permian Limestone, which contained weter but in which it was 
proposed to adopt cementation. In both cases a hole was bored 
previously from which a forecast could be made of the measures to 
be taken during the freezing operations. 

The boreholes were put down by the percussive system (Fig. 
149), using a derrick running on concentric rails set in a floor 
of concrete. A heavy sinker bar 30 ft kn tength was used to im¬ 
prove the verticaliiy of the holes. They were surveyed at London¬ 
derry by a Briggs Clinophone and at C^verton by a Dennis-Foraky 
Teleclinograph to ensure the deviation of holes would not produce 
a gap in the ice wall. At both sinkings an extra bole was put in 
where a bole had deviated but in the case of other holes the deviation 
was less than 1 per cent at Londonderry but rather more at Calverton. 

At Londonderry the boles were 9f in. diam to a depth of 175 ft 
and were lined with 9^ in. diam tubes, 8} in. diam with 8 in. tubes to 
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300 ft, in- diam to 435 ft and the remainder 6} in. diam, the bole 
then bebif lined with 6 in. lubes throughout. The freezing tubes were 
then ioscrled, the outer lubes being 5 in. diam and sealed at the ends 
and the inner tubes 2 in. diam open at the ends, all joinu being tested 
to 300 Ib/in.* to prevent leakage of brine whic* would interfere with 
freezing- At Calverton the outer freeing tubes varied from 3 in, 
to 6 in. diam and were ^ in. thick, the inner open-ended tubes 
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being 1J in. diam. The whole brine circulating system was tested lo 
4001b/jn-‘ 

FftBfiZtNO 

The refrigerant used may be ammonia or carbon dioxide but the 
former is usually preferred since the COt requires a higher vacuum 
although A smaller volume is necessary. As may be seen from Fig. 
200 , the freezing system is divided into two separate circuits— 
ammonia circuit and the brine circuit—and the whole comprises a 
heat exchange system. 

In the first circuit ammonia gas is compressed to eight atmospheres 
( 1201 b/is.^, and passes to the top of the trickling condensers by 
which heat is extracted from the compressed ammonia and it becomes 
Uqui£ed, The water for the condensers is circulated by a group of 
pumps working in conjunction with a coding tower. The liquid 
ammonia is then pass^ through a regulating valve to the brine 
coolers where it evaporates extracting its latent heat of evaporation 
from the brine and $0 cooliog it The ammonia gas theo passes to 
the ammonia compressors where it is again comprised and delivered 
to the condensers, thus completing the ammonia circuit. 
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The brine, consisting of a solution of calciom chloride of density 
1*25, is circulated in the second distinct circuit by the brine eircu- 
ladog pumps shown to a header connected to the inner freezing 
tubes down which the cooled brine flows and returns up the annulus 
between the inner and outer freezing tubes extracting heat from the 
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Strata and returning to a second header which delivers to (he top of 
the coolers, thus completing the brine circuit. 

The plant at Londonderry had a refrigerating capacity of 540,000 
frigories (negative calories) per hour at minus 20^C and consisted of 
one large and two smaller ammonia compressors, eight ammonia 
evaporators, four coodensors and five double-acting brine pumps. 
At Calverton the plant consisted of three Haslem ammonia com¬ 
pressors each capable of 280,000 B.c.u., three evaporators, three 
coodensors and two brine circulating pumps. The main intake and 
return headers are contained in a fore-sha^ or circular duct 7 by 
7 ft and of mean diameter 33 ft at the top of the shaft (Fig. 201). 

There are two methods of forming (he ice-wali. At Calverton the 
brine, circulating at an inlet temperature of — 4°F and a return brine 
temperature of + 6^F, formed ice round the individual freezing 
tubes which gradually increased in thickness until the cylinders 
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coalesced and formed a thin barrier of ice round the area to be 
excavated. This wall was then thickened until the whole of this area 
and a thick wall outside was frozen solid, any water trapped inside 
the block being forced up the trial core borehole, near the centre of 
the shaft, which had a perforated lining. 

At Londonderry only two diametrically opposite boreholes were 
put into brine ciiculation at first untQ the next four holes were 
sufficiently reduced in temperature, and then the next four and so on 
until all the holes were in circulation. The ice-wall therefore gradual ly 
grew in four ditTerent directions and finally joined in, two places only. 
Valves enabled the circulation to the individual holes to be controlled 
and reversed if required. Sinking was commenced before the final 
thickness of frozen strata was reached at the bottom of the shaft. 
The brackish water and the rise of the tide required care to be taken 
with eutectic mixtures of sett and water which arc difficult to freeze 
above the eutectic temperature of — 23^0 when the mixture contains 
23*6 per cent NaQ. Above this temperature ice or salt separates out 
from solution and the eutectic mixture freezes as a rather weak mass 
at - 23*C, (Fig. 202). 

SiNKmo 

At Londonderry, after freezing, the sinking proceeded at a rate of 
7 ft per day. Low-freezing explosives were empli^ed. At Calverton 
the shaft was excavated to a depth of 52 ft, 8 R above the water 
table, by means of a crane. The lining of this portion was of con¬ 
crete and inco^rated the fan-drift connection, headgear foundations 
and the shaft Uock. Below this was at first a soft core of unfrozen 
sandstone, 18 ft in diameter, but at a depth of 64 yd this had dis¬ 
appeared and below the block of frozen sandstone was 70 ft in 
diameter. Trouble was experienced from freezing-up of pneumatic 
tools and freezitig in of drill steels. This was obviated by pouring 
brine at + 5^P into the holes. To warm the aii for the men and to 
enable the 9 in. concrete backing behind the tubbing to set, three 
15 kw factory beaters, each incorporating a slow-running fan, were 
suspended in the shaft from the surface and raised the shaft ambient 
temperature from 22 to 38‘F. 

TUBNNO 

In the water-bearing strata tubbing was used as a lining in both 
cases. At Londonderry the first 70 ft to the water-level was lined 
with 13 in. of brickwork and below this by English tubbing to a 
depth of600 ft in rings 2 ft in height and 16 segments to the ring. For 
the first 40 ft the tubbing was } in. thick and increased in thicknees 
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by i in- for every succeeding 40 fl. reaching a final thickness of 2| in. 
Five curbs were inserted and the space between the tubbing end the 
shaft sides was filled with quick-setting cement, 60 yd of shaft being 
sunk and then tubbing inserted at one time. The water pressure at 
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the base of the Cubbing is 175 Ib/in.’. The total sinking time (exclu¬ 
sive of freezing operations) to a depth of 705 yd in the Coal Measures 
was twenty-two months. 

At Calverton, German tubbing was used after the first 105 ft which 
was lined with 20 in. of concrete, llie Cubbing was inserted in four 
lengths of 46 ft, 100 ft, 80 ft and 60 ft respectively; the corresponding 



324 GEOLOGICAL ASPECTS OF MI^JING 

thicknesses being in-. Ij in.,'l} in. and 2 in- Below the tubbing 
the lining is of concrete 16 in. in thickness. The tubbing and the 
concrete are provided with recesses to carry the cross girders sup- 
porting the fixed guides used with the skip winding equipment 
installed. 

Thawing 

Previously shafts were thawed after freezing by passing steam 
down the freezing tubes, by circulating hoi brine or by filling the 
shaft with water. The first two methods gave rise to trouble due to 
unequal thawing leading to breakage of pipes and cracking of 
tubbing in extreme cases. The last did not give access to the tubbing 
for caulking. At Londonderry arrangements were mode to thaw each 
tube from the bottom upwards gradually so that the tubbing is 
subjected Co a gradually increasing pressure as tho ice-wall thaws 
upwards. Sinking into the Coal \leasures continued as thawing 
proceeded. The same course was adopted at Calverton. 

Cetnentatioa 

When the make of water exceeds 500 gal/min and where the ground 
is not porous and does not contain open fissures, which on the N6. 
Coast may communicate with the sea. the cementation system may 
be adopted. The pressure required to reverse the flow of water gives 
an indication of the size of the fissures which will be encountered and 
the amount of cement required to seal them off. A pilot hole in 
the centre of the shaft in advance of the sinking will indicate the 
quantity of water that may be encountered. 

Three possible methods of applying cementation are available. 
Holes may be drilled from the surfhee outside the shaft area and 
cement grout forced in at high pressure to seal off the fissures. 
Alternatively, the holes may drilled from below the water table 
inside the diameter of the shaft in a vertical direction, the whole of 
the water*beariQg ground being cemented from one set of holes. 
The method most commonly adopted, however, is to bore vertical 
or more often inclined boles from a number of levels in the shaft 
successively and cement off and sink in a corresponding number of 
stages. 

In no case is an attempt made to seal the water off completely by 
cementation in the first stage. The make of water is reduced to an 
amount that can be dealt with easily by the pumps in the shaft and 
the complete seal is obtained by cementing bet^d Che reinforced 
concrete shaft lining. 

This method of boring and sinking in stages generally results in 
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economy in the use of cement and less trouble in sealing o(T the 
residual water behind the lining and is therefore generally adopted. 
The arrangement of the holes must be such that all fissures are bter^ 
sected. The arrangements are shown in Fig, 203, in which a hole is 
placed every 2 ft 6 in. on the drcumference of a circle approximately 
that of the finbhed shaft These holes are bored oft the vertical 
radially by an amount which throws them on a circle with a radius 
10 greater than that of the shaft at a depth of 80-90 ft, which is 
the normal length of each stage. They are also inclined from the 
vertical tangentially so that with this radial and tangential '*spin’' 
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imparled to the holes all Assures are eeriain to be crossed bv at least 
one hole. The rods used for drilling the depths required oi 80^ ft 
are plain hoUow rods fitted with jack-bits screwed to the end, If in. 
diam. down which water flows in a continuous flush to remove the 
borings as they are produced. Kormal machines are adopted for dril¬ 
ling holes similar to those employed for the drilling of shot-holes. 

In order to supply the requisite pressure to the grout (o enable it to 
penetrate fissures against water pressure, an ordinary double-acting 
ram pump, 9 in, diam at the steam or compressed-air end and 2 in. 
diam at the water end. is used thus giving a pressure ratio of approxi¬ 
mately 20-1. The pump valves are of the ball type which give 
minimum trouble when pumping cement milk. 

Ground Pipes 

The drilling of the holes takes place through ground or staod-pipes 
to resist the pressure of the cement in the holes and prevent blow- 
backs. A hole 3 in. in diameter is bored to a depth of about 6 ft, It 
is then continued for a further 9 ft at a reduced diameter of 2| in. 
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which is the external diameter of a 2 in. pipe. A pipe of this diameter 
screwed at its outer end is thea ioseried to the full depth of the hole 
and is then injected, the cement milk finally returning between the 
pipe and the ^e of the hole. The cement is allowed to harden for 
twenty'four hours when the pipe is firmly fixed in the ground and 
should be capable of resisting any pressure put on the hole. This is 
tested by boring out the cement from the pipe to its full depth and 
pumping in clean water at the requisite pressure without leakage 
taking place round the pipe. A valve is now screwed to the pipe end 
and boring takes place through this valve> water flushing being 
adopted to clear the borings. If the return water disappears or 
decreases in quantity it is evident that a fissure, probably water¬ 
bearing, has been met. Similarly if the amount of water returning 
up the pipe increases in quantity this is also proof that a water¬ 
bearing fissure has been encountered. Boring is stopped and the hole 
is injected. After the cement milk has set the hole is re-bored to the 
same depth and the treatment of the fissure tested, by pumping in 
clear water under pressure in the same manner as that in which the 
stand-pipe was tested. If leakage occurs another injection is given 
and if this is successful boring is corttinued. 

If it were possible to ensure that fissures in water-bearing ground 
were clean cemenuiion would be a comparatively easy operation but 
all fissures generally contain sediment or clay which tends to impede 
the flow of water and a small diameter borehole can occasionally pass 
through a dirty fissure without indkaiing the presence of any water. 
It is usual, therefore, to adopt the stage method of working. The 
boreholes are divided into two groups, odd and even numbered holes. 
Even numbered holes are drilled first and are injected at intervals of 
about 10 ft. As far as possible boreholes are kept at the same depth, 
all injections in one stage being completed before the drilling of the 
next stage begins. Odd numbered boreholes follow about two stages 
behind. 

From the cement consumption and the injection pressutes required 
experience teaches whether results are satisfactory; if doubt exists 
ex^ boreholes are put down, an extra day spent on cementation 
being preferred to the handling of extra water and the possibility, 
in extreme cases, of fiooding the shaft. Sinking stops short of the 
bottom of the cementation length by a distance sulficient to get in the 
stand-pipes for the next cementation length. 

Cementation has recently been used to sink rectangular shafts in 
the Far West Rand where the gold reefs are overlain by 1,30(M,000 ft 
of dolomite. The upper parts of the dolomite often contain decom¬ 
posed widely fissured bands filled with detritus of manganese dioxide 
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or colloidal day. In these zones cement consumption reaches 50 ton/lt 
of sinking and averages 19 ton. The rate of advance achieved was 
55 ft month, a reinforced concrete lining I ft 6 in. to 2 ft in thick¬ 
ness being inserted. In normal dolomite consumption of cement was 
only 13 cwi/ft with a monthly average of 165 ft advance. 

Cbmbntatjon in Porous Ground 

Porous rocks which contain water in substantial quantity in the 
pores of the rocks as well as in the fissures and joints—Triassic sand¬ 
stones and in particular the Bunter series—require cementation to be 
supplemented by silicatization. This consists of alternating injections 
of so-called ^'products," aqueous solutions of sodium silicate and 
aluminium sulphate* which react to form a gelatinous precipitate 
of aluminium silicate. This serves to reduce the porosity of the rock 
and also to lubricate the Assures, which, in soft friable sandstones 
commonly contain large quantities of fine sand. 

Without silicatization it is extremely difficult to introduce cement 
at any pressure. As an illustration of the lubricating value of this 
precipitate it was found that in a particular case only 20 lb of cement 
could be injected before silicatization at a pressure of 1,000 Ib/in.*. 
After the injection of 80 gal of chemicals, over 20 tons of cement was 
injected into the same hole at a pressure less than 250 Ib/in.*. 

In such porous ground this treatment requires to be very intensive 
and there are more than twice the number of holes used in ordinary 
Assured strata. Thus in a shaft 22 ft in diameter 40 boreholes for 
cementation and silicatization may be required as shown in Fig. 204. 
The whole of the water is never sealed olT, the aim being to reduce 
it within the capacity of a 1,000 gal/min pump and this may represent 
t reduction of 85 per cent. 

Shafts in which freezing has been attempted but has failed present 
a difficult proposition owing to the deviation of boreholes, as at 
Thome Colliery, but such sinkings have been successfully completed 
by cementation. 

Reinforced Concrstb Lining 

As the water is not completely sealed off by silicatization and 
cementation preparations for lining the shaft must, be made while 
sinking proems. Backsheeting of corrugated sheets is placed all 
round the shaft about 3 in. from the ground as sinking proceeds. 
This consists of light angles and 2D'gauge sheeting prefabricated in 
segments 4 ft high by 8 ft to 10 ft long arranged for rapid and easy 
assembly in the sinking. The backsheeting fulfils two functions—it 
keeps the water from the concrete while it is setting and ultimately 
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forms part of the reinforcemeot of the wall. The inner cylinder, which 
is later removed, consists of the usual falsework of plates in rings 
2 f^ 6 in. in height. The concrete lining is reinforced in the manner 
shown in Fig. 205. Arrangements must be made to support the 
weight of the concrete and to conduct the water clear of the base of 
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(Athskton) 

the waU. A wedge of ground near the bottom of the length to be lined 
is excavated and a skdeton ring is placed opposite the wedge. Con> 
Crete placed in (he wedge is continuous with that in the wall and the 
whole of the weight of the wall is temporarily transmitted to the 
ground at the base of the wedge. 

To deal with the water a garland is built of timber and clay 
immediately above the wedge and the water is collected in a series of 
2 is. diam pipes which are taken vertically down through the base' 
plate on which the wall is built. At intervals of 14 ft vertically 
removable doors 14 in. in height arc provided in the backshceting to 
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give access to the back of the lining. As concreting proceeds the 
annular space between the backsheeting and the ground is filled with 
gravel- The final operation consists in injecting the annulus with 
cement grout under pressure when sufficient time has elapsed for the 
concrete to set and harden. In each segment of the falsework plates 
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is a hole 1| in. diam against which a 1 | in. diam pipe of length (when 
fitted with a coupling) equal to the thickness of the wall is placed and 
held by a tightly screwed union coupling through the plate (Hg. 206). 

1q shutting off the residual water a start is at the lowest point 

i.e. at the pipe coming out of the temporary garland. Before coupling 
the cement milk under pressure to this through a flexible hose, an iron 
bar is driven through the pipe or pipes imm^iately above in order to 
burst the corrugate aheedng so that when the pipe or pipes leading 
out of the temporary garland are closed, the water can find its way 
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out through the row above. The injection of cement milk is then 
begun, all the cocks on the lowest row being closed. Pumping is 
continued without stopping until the cement shov^ that it has reached 



the next row of pipes. The cock on the pipe being injected is then 
closed, the sheets at the back of the third row above are punctured 
and injection started on the second row. This proceeds until a final 
seal is made where the two walls join. The degree of sealing off is 
high, leakage amounting to only i gal/nin on a 500 ft length of a 
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13 ft diam shaft aod 1J gal/min from a 450 ft lengtii of a 15 ft diam 
shaft. 

The No. 1 downcast shaft at CaJverton Colliery near Nottm|ham 
was sunk through the heavily-watered Burner Sandstones com¬ 
mencing in 1937, A Sulzer sinking pump was installed to deal with 
the make of water of a maximum quantity of 1,000 gal/min from a 
depth of 600 ft, The actual water-bearing measures were first 
encountered at a depth of 20 yd and conti nued u ntil a depth of 120 yd 
was reached, The shaft is 18 ft 2 in. in diameter and was sunk to the 
Top Hard scam at a depth of 560 yd. The shaft is lined with rein¬ 
forced concrete walling 18 in. thick in the water-bearing strata and 

14 in. thick in the dry strata. The total make of water after the 
sinking was completed was only 3 gal/min showing that the cementa¬ 
tion process had been successful. 


QUESTIONS 

!. M (he site ef s proposed sinking there Is a thIckcMs of 80 ft of unconsoli- 
dsied strata overlylni the rock heal Dlseuss (he available methods ofalnkiog 
the shaft of Anished diameter 18 ft to Arm strata, and Indicate how the choice or 
method Is gevarned by the precise nature of the surface deposits, 

2. Distinguish between the drop shaft and Caisson methods of shaft slnkinc, 
lr)dleaie the typu of deposla to which they era applirable, 
a. Oeeeriba with diagrams (he Honigmann system of sinking. 

4 A shaft is to be sunk on the coast- There is 30 ft of drift day, then a 100 ft 
of soft water-bearing strata conuining seawater overlying the rock head. Explain 
generally how you would get through to the rock head. 

S. Describe the boring operaitons ^^Ich must precede sinking by the freezing 
process. Mention the i^el precautions whioh are required In ^eae operations. 

4. Distinguish between English and German forms of cast Iron tabbing for 
shafts. IndIme the relative merits of ihoN forma of permanent support. Describe 
concisely how a ring of underhung tubbing would be inserted. 

7. Describe the duef items of pram and equipment to be installed at a sinking 
where the fteezingnstem is to be adopted and give an outline of the various 
stagse of Ibis smIiI method of alnklng. 

9, Urtder what coxtdidons would tbe ceiDentetion system of shaft sinking be 
adopted? Describe tbe system giving an account of any pr^treatment of tbe 
ground which may be carried out and its purpose. 




CHAPTER XV 


DEEPENING AND WTOENING SHAFTS AND 
DRIVING STAPLE SHAFTS 

DEEPENING A SHAFT 

In th« execution of this operation the method adopted depends 
largely on the conditions obtaining, in the same manner that it afTccts 
that of widening a shaft. If the shaft is required for no other purpose 
or only for ventilation purposes, sinking may simply be resumed 
below the sump and proc^ in much the same manner as that 
adopted in sinking the initial depth. The changes required are the 
erection of a headgear, winding engine and scafToid winch and 
means of disposing of the debris if these do not already exist, or the 
addition of a central pulley for the sinking hoppet and the debris 
disposal arrangements if winding equipment is already installed, the 
existing pulleys bdne utilised for the scaffold ropes. 

Where, however, deepening must proceed while the original shaft 
is still used for winding, means must be provided to transfer the debris 
from the sinking to the normal transport system and protection must 
be afforded to the sinkers from material falling down the shaft, unless 
the operations proceed on different shifts. In this case the scaffold 
ropes for the bricking scaffold may be led from (he winch down the 
sides of the shaft and deflected to their correct position in the sinking 
by pulleys below the original pit-bottom. The sinking hoppet mav be 
hoisted in the sinking by means of a tail-rope attached to one of the 
cages. The hoppet is then swung to one side in the pit-bottom or 
detached and removed to a convenient position near the pit-bottom, 
in both cases being emptied into a troin of empty tubs or mine cars 
which are, on the other sKif^ or shifts, wound out in the normal way 
with the coal and emptied on the surface along with any other debris 
from the mine. A centre-line and radius rod are used in the normal 
manner to ensure alignmeat of the sinking with the original shaft. 

The arrangements generally adopted are to bore in the sump a hole 
in the centre of the shaft from which a centre line may be hung to 
ensure ali^unent A short drift is driven (Fig. 207), to connect a 
convenient site in the pic-bottom a short distance from the shaft 
to the borehole and leave sufficient strata below the original shaft to 
protect the sinkers below. A smell hoisting winch is erected to wind 
the hoppet in (he shaft over a pulley erect^ on frames over the top 
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of tht sinking and two further puUeys and winches to control the 
bricking scaffold. Alternatively, the hoisting engine may be erected 
on girders at the top of the sinking, the roof of the end of the drift 
being ripped to give the necessary height. Sinking proceeds in the 
normal manner, the contents of the hoppet being discharged down a 
chute into empty tubs in the drift which are hauled by a small winch 
to a track branching from the pit-bottom sidings. 

When the sinking has reached the required depth and the lining 
has been completed and a pit-bottom has been constructed, the short 
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length of strata between the top of the sinking and the sump of the 
original shaft is removed by raising, i.e. sinking upwards. Occasion¬ 
ally shafw are deepened entirely by raising, the correct starting 
position having been determined by a very careful survey. The method 
is similar to that employed in raising a staple shaft. 

STAPLE SHAFTS 

Suple shafts are required in the following circumsiances— 

1. To connect seams above or below to main haulage roads in 
another seam. 

2. In the horiion system of mining to connect roads in a seam 
with m^ cross-measure drivages, laterals or cross-cuts below, 

3. To transfer output from a higher level to a pit-boUoro at a 
lower level, coal winding facilities, pit-bottom sidings and other 
fadJities having been transferred from the higher to Ae lower level 
when an increasing output from the latter juadfied this. 
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Spiral chutes are generally adopted for lowering coal from a higher 
to a lower level with miniraam breakage and ladders or a cage, or 
both, must be provided for men. When coal is to be raised a com¬ 
pressed air, or preferably, an electric winding engine and cages or a 
cage and a balance wei^t are required (Fig. 208). 

Staple pits may be sunk in the same manner aa a main shaft and 
may be either rectangular or circular in shape, but some 90 per cent 
are raised as the debris descends by gravity and is delivered into tubs 
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by a chute without handling and the rate of advance is generally 
iugher. On the Coodnent tii in this couatty a spiral chute is of^en 
installed which is first used for debris and afterwards for coal. 

Circular Staple Pit 

The method which may be adopted is shown in Fig. 209 which 
shows the arrangements at Harion Colliery, Co. Durham, to raise a 
staple shaft 11 ft in diameter 74 ft ftom the Beasham to the Yard 
seam. To tefce the weight of the stack 5 yd of concrete waUing, 5 ft 
in thickness, was put in on each side of the centre line of the shaft and 
wried four girders, Id in. by 6 in. and 27 ft in length, supporting the 
6 ft width of the stack, and 9 ft above ground level. A layer of wooden 
baulks 6 in, in thickness was laid on top of these girders to form a 
floor seal but leaving a compartment 3 ft by 2 ft at each side in which 
plumb lines were suspcoded from a buflder’s lath over two li in. 
pipes 8 ft apart grouted into the floor; from which a centre line was 
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transferred to the roof of the shaft as shown. One side of the stack 
was used for excels dirt which fell into the hopper shown, while the 
other side was used as a manway. On top of the baulks, gliders 10 in. 
by 5 in. and 10 in length were interlaced, so that one end was let 
into the side and over these a further timber floor was laid. 

The excavation took place in lifts of 3 ft girders being set across 
the shaft at this interval, with the space between the webs of the sets 
hlled with sleepers and the centre filled with broken debris, thus 
forming a platform for drilling, firing and cleaning up broken rock. 
The work proceeded on two shifts each of two men, selling of sup¬ 
ports and centring on the day shiA and drilling and firing on the night 
shift, twenty-five to twenty-eight holes being drilled and sheathed; 
Polar Ajax being used as the explosive in charges of 12, $ and 4 02 . 
A cap head was provided to deflect the debris from the manway. 

A false floor of timber supported by 12 ft girders wt% put in at a 
height of 40 ft to take the weight above off the concrete walls. When 
the Yard seem was reached a pulley 2 ft in diameter was erected to 
lift the spiral chute segments and the stack was emptied. No lining 
was required in the strong rock penetrated. A similar staple shaft, 
60 ft in length was raised at Horden Colliery where the cost of sink¬ 
ing and lining was £41 9s 4d per yard, the shaft being lined with 
14 in. of brickwork. 

Rcctanguler Staple Shift 

This shape is commonly adopted on the Continent, the arrange¬ 
ments at Laura Colliery, raised 130 yd, are similar to those shown in 
Fig. 210. The spiral chute was used for debris removal into tubs in 
the level below, the flow being controlled by a chute door, Support 
was by means of a series of rectangular steel frames at one metre 
intervals with twelve 8 in. square hardwood props between frames. 
The frames wore supported in 50 ft lengths by letting the short sides 
into the walls of the shaft. The shaft was ventilai^ by a range of 
20 in. diam sheet steel pipes protected by a perforated cap and 
supplied by a lOh.p. forcing f^. 

The cage compartment was protected by a safety platform to 
prevent men falling down when working and when firing, A plat¬ 
form of 6 in. by 6 ID. baulks on four girders was used to receive the 
debris when shotfiring and to deliver it to sloping platforms which 
deflect to the spiral chute. A wooden working platform was provided 
for dr^ling and frame assembly. The rate of advance was 3^ ft per 
day with two men in the shaft and one at the bottom dealing with 
tubs and supplies. ^ 

A similar system was adopted at Bradford Colliery to raise a 
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vealilstion or to reduce the pressure loss due lo air friciion in the 
shaft; cr, where an old shaft is in disrepair, it is decided to increase 
the diameter and insert a new lining rather than repair and partially 
reline the old shaft. 

The njeihod adopted will depend upon whether the shaft can be 
taken out of use for winding and/of ventilation in which case it is 
usual to fill it with ashes, broken brick or timber, In fact any material 
which can be easily reloaded. The widenii^ then proceeds as a 
normal sinking, If, however, ventilation must be continued (for 
example in the case of an upcast shaft which ii not used for mineral 
or for men winding but is necessary for the ventilation of a colliery), 
the widening is generally carried out by means of a bell of steel plate 
which hts into the old shaft and extends some 3 ft above a working 
platform, with six kay-bolis extending into the old shaft lining, from 
which the brickwork is stripped and the annulus between the old and 
the increased diameter of the shaft and the thickness of the new lining 
is excavated. ^ 

At the top of the bell is a grid through which the ventilating air 
passes. The bell and the working platform (Fig. 211), are suspended 
by four chains and ropM some 50 ft in length from a bricking or 
ceaenttiion scaffold designed to fit tbe new shaft diameter; this has 
doors in the centre to pass the hoppet when widening, but when 
lining, ia stretches of approximately ^ ft, the doors are closed, the 
bell and the working platform lowered on to two girders across the 
old brickwork and secured there, and the four ropes and chains 
disconnected from the bricking scaffold- Ihls also has grids of steel 
bars surrounding the doors and a narrow platform I ft 6 ia. wide all 
round ^ scaffold, The concrete or the bricks and mortar for lining 
are delivered on to the doors. The temporary lining is removed and 
the concrete or brickwork inserted from the scaffold, which is raised 
by the scaffold winches through two ropes which carry the sinking 
hop^ rider (Fig. 211). Difficulty may be experienced from water 
and dust, picked up by the ventilating current, making visibility bad 
and working conditions difficult. 

This method was used in enlarging the No. 3 Shaft at Mosley 
Common CoUiery {Smith, “Shaft widening under difficult condi- 
nous," T. I. Min. E, Vol. 109, p. 230) from 12 ft to 22 ft in diameter 
and inserting a concrete lining, at first 18 id- and afterwards 12 in. 
m ^ckness- Where it is necessary to preserve winding facilities 
while shaft widening operations proceed it is necessaiy to confine 
these to periods when winding does not nomally take place The 
method generally adopted is similar to that just described but with¬ 
out the u« of grids. A shield is designed to fit the old shaft as 
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closely US possible, allowing for any distortion of the old lifting. 
The shaft Ulusttated (Fig, 212), at Cannock Wood Colliery. 
originally 12 ft in diameter aod was widened to 17 ft the depth being 
200 yd. The shield was constructed off in. plating 11 ft 10 in. diam 
and 5 ft in height of which 2 ft 6 in. formed a fence. The shield was 
supported on the old shaft walling by four angle iron brackets 
(Fig, 212), and was attached to the bricking scaffold above by four 
I in. chains and two #in. ropes. The weight of the shield was 
1'35 ton, that of the scaffold 1 ton. 

When a sufficient length of the old shaft had been widened and 
temporarily supported, a bricking curb was Inserted and the shield 
was lowered on to the old brickwork lining, the chains were discon* 
nected and bricking of the new lining; carried out with the scaffold 
raised independently, The average rale of progress, excavating and 
bricking, was 4} yd per week. Winding was carried out on the day 
shift only, the remaining two shifts being devoted to widening. 
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QUESnONS 

1. A shaft 13 ft in diameter lined with brick work has to be enlarj^ to 20 ft 

diameter. “ 

Explain the method ^ would tOopi (d) if the shaft i* not In use, and (b) If the 
shaft la la me 12 hr eacn day for winding purpowe and ft fitted with rope culdea 

2. A shaft» ft in diameter and 500 yd ^ is to be deepened for ending 
iron a depth of 700 yd. The shaft U in use for winding coal on two ihil^ and for 
materials on part of the third ahih. The measures are strong and dry. 

Deecfibe bow the operation of deepening could be carried out with the least 
possible mterfertnee with the preaent output. 

2. To complere a planned scheme it ft proposed (o increase the size of an 
abandoned shaft from 14 ft to 20 ft diameter and deepen it from 450 to 6S0 vd 
Give an account of a stiliable method of earryiog out this work. ' 

4. Deiaibe a luiuble method of rafting a suple pit through a distance of 
150 ft dealing panieularly with the methods used to ensure its verticahty. 
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